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k - UNCLASSIFIED = For official Use Oy :
THE PROCLSS OF THERMAL REFORMING

'”' The thermal-reforming process is used for the obtaining of

high-octane automotive gasoline from low=octane ligroins.

The reforming stock (the liproin), usually preheated to 75 =
$0°C, is fed by punp 1, with a pressure at the discharge end not in
excess of 60-70 atmospheres, into furnace 2, where the ligroin is

heated to 540=5500C, Upon emerging from the furnace, the heated li=

groin, after passing through a reduction valve, which reduces its pres=
sure down to 8= 12 atmospheres, enters a combined evaporator - Irac- &
tionation column 4. TFollowing fractionation, the nonstable reformed :
gasoline is drawn off from the top of the column, and, af'ter cocling
in coolers 5, is directed into collecting tank 8, from where the bas-

ic part enters into buffer tank 9. The spray from the collecting

. ’ tank 8 is fed to the fractionation column L.

From buffer tank 9, the nonstable gasoline, via the heat ex~

changer 12, is fed into stabilizer 10.

The hot side fraction from column L is utilized as the heat

carrier for boiling pot 11, and then, after it is cooled, returns in-

to the column. é
i

A considerable part of the cooled-off heat carrier is prelim-
inarily intermixed with the flow of products, emerging from the fur-
nace, to attain the rapid cooling of the latter and to prevent the

coking of the pipeline between the reduction valve 3 and the column

b,

The stable gasoline from the bottom of the column, after passing

heat exchanger 12 and cooler 5, is drawn off into a plant storage tank.
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The reformed=residue from the bottom of colvmn L follows into
stean distillation column 6, from which, via cooler 5, it is pumped

into a plant storage tanke

\ The nonstable liquid stabilizer alstillate 1s drawn off into
condenser=cooler 5, and then into tank 13. Part of this distillate

! 1s returned in the form ol spray, and the excess = into & plant tank.

The upper distillate from the stean=-distillation column 6 is
condensated and cooled in cooler 5, and foilows into collector Te
From this collecting tank, the driven-oif distillate is fed into col-

wmn 4 and to spray the steam-digtillation column.

The balance sheet, and the characteristics of the initial

materials [reforming-stock] and the products are given belows

Low-octane ligroins = to reforming 100% :

; ‘ Obtained: 3:
Reformed gasoline 80.0% i
Cas 1% .5% % !

Residue 5.5%

"‘ Total 100,0%

Consumed per 1 ton of refined raw material:

_ ; Fuel ~ in kilocalories 150-500
* Steam under pressure of 10 atmospheres 125-180 1
Water - in cu meters 18 - 23 :
Electric Power = in kwi-hours 2-3

Characteristics of Reforming Stock and Products Obtained

Reforming Stock: [

Specific gravity 0.7669
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The reformed=residue from the bottom of column 4 follows into
steam distillation column 6, from which, via cooler 5, it is pumped

into a plant storage tank.

The nonstable liquid stabilizer distillate is drawn off into
condenser=cooler 5, and then into tank 13. Part of this distiilate

{8 returned in the form of spray, and the excess = intc a plant tank.

The upper distillate from the steam-distillation column 6 is
condensated and cooled in cooler 5, and foilows into collector 7.
From this collecting tank, the driven-off distillate is fed into col-

umn 4 and to spray the steam-distillation column.

The balance sheet, and the characteristics of the initial

materials [reforming-stock] snd the products are given belows

Low~-octane ligroins ~ to reforming 100%
Obtaineds
Reformed gasoline 80.0%
Gas 1L.5%
Residue 5.5%
Total 100.0%

Consumed per 1 ton of refined raw material:

Fuel - in kilocalories 450~500
Steam under pressure of 10 atmospheres 125-180
Water - in cu meters 18 - 23
Electric Power - in kwi~hours’ 2 -3

Characteristics of Reforming Stock and Products Obtained

Reforming Stock:

Specific gravity : O;7669v
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Characteristic factor 11496

Distillation begins, at 9C 98

10% distilled, up to °C 128

50% distilled, up t0°C 157 :
90% distilled, up to °C 186 4
Distillation ends, at °C 198 1
% Octane number 40.5
; -
% Reformed Gasolines
! ’ Specific gravity 0,75u3

E Reid vapor=pressure test, in millimeters

{ of mercury column 517 :
¢ i
; Distillation begins, at °C 3L
; z
10% distilled-up to °C 63 '
b )
! 504 distilled-up to OC 132
1 504 distilled = up to % 182 !
1 Distillation ends = at ©C 203
W |
i Octane number 70.2
i Residues
Specific gravity 049452
; [Diagram] [Page 15 of originall /
tlowsheet for the Process of Thermal Reforming :

1 - pumps; 2 - furnace; 3 = reduction valve; I - fractionation
columi; 5 = ceoler; 6 = steam-distillation column; 7 = collecting
tank; 9 - buffer tank; 19 o stabilizer; 11 ~hot-water boiler;

12 - heat exchanger; 13 = tank for nonstable head.
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THE PROCESS OF THE COMBINED CRACKING OF THE LIQUID FRAC=-
TIONS AND GASES

This process is conducted at higher temperatures and pressurés

& and is accompanied by greater transformation depth in the ligroins than

during the usual thermel cracking or reforming.

Propane and butane, in diluting the stock to be cracked, which
1s ligroin, reduce the formation of coke and permit the increase in

transformation depthe In addition, propane and butane, at high tem-

peratures, are subject to cracking, with the formation of unsaturated

hydrocarbons which, by undergoing polymerization, increase the gaso~

line yield.

The cracking stock (cold ligroin) is forced by pump 9 into
absorber 8 for the absorption from the gases of propane and butane.

Into the right bottom part of this absorber, the fraction propane=

butane, in a liquid state, is fed from the side., The reduction of

the temperature in the absorber is accomplished by the side flow,

i which is cooled in water-cooler 3.

; o The ligroin, saturated with the propane-butane fraction,

v is pumped via heat exchangers 10 into tubular furnace 1.

‘64 A pressure of 70-100 atmospheres is usually maintained in -4

b it the coil of such a furnace, with the temperature of the product up-

on emerging from the furnace being 550-6200C,

Upon emerging from furnace 1, the flow of the hot product,
in order to discontinue the reaction and prevent the formation of
coke along the lines and in the épparatus, is intermixed with the

product flowing from column 5 into hot-water boiler 6, steam-gener-

5 i
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ator 12, and then follows into column 5.
The pressure in the combination column 5 18 20-26 atmospheres.

From the top of this column, the nonstable gasoline is drawn
- it is condensated, cooled in water-cooler 3, and gulded for stablli-
zation into stabilizing column 7, from the hottom of which the stabi=-

lized gasoline is drawn into a storage tanke.

¥From the top of column 7, the nonstable head (gas mixture)

coming through condenser-cooler 3 into absorber 8, is drawn. The
spray from the bottom left pa:t of absorber 8 is pumped to the top

of the stabilizing column. The condensate forming in condenser-cooler
3 1is accumulafed in the bottom ieft part of the absorber. A vertical
partition in the bottom part of the absorber prevents the intermixing
of the cracking stock with the-Spray of the stabilization column 7.
A circulation spray is introduced into the upper and middle sections

of the combination column of evaporator Se

The residue from the bottom of the high-pressure column 5
is drawn into a low-pressure evaporator 2, in which, due to the

drop in pressure, the wide fraction is distilled.

From the top of evaporator 2, the wide fraction is drawn,
via cooler 3, into tank for distillate L4, from which tank the re-
quired part is returned in the form of a spray intc the evaporator,

while the surplus is drawn out of the installation.

From the bottom of evaporator 2, via immersion cooler 11,

the heavy residue, which may be utilized as boiler fuel, is pumped out.

Below = see tabﬁlated data on the cracking of light gas oil

apd of the wide gas oil fraction - with‘the addition of gas from the

outside and without same.

i & i
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SINGLE-STAGE CRACKING OF DIRECT -DISTILIATION GAS OIL BY WAY OF THE COMBINED CRACKING OF THE

LIQUID FRACTIONS AND GASES
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[1]

Content of nonsaturated hydrocarbons in the

added gas —#by volume
Procedure:
Temperature upon emergine from furnace in °C 571
Pressure in furnace - in atmospheres 105
pilution by gas,in % by volume of gasoil charged 20
pmount of gas added from outside, in % by volume

of gasoil charged 0o

Yield of products = in % by volume of gasoil charged:

Gasolié:i with vapor pressure, by Reid, of 517

mm of mercury column . 58.17
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[ Table continued]

[1] [2]

Gas oil (204 - 3159¢) 21.7
o

Mazut (petroleum residue) ( ‘;60 = 60) 11.9

Characteristic of the cracking stock
Specific gravity 0,8L68 0.853L 0.8713

Aniline point - OC 76 78 7
Beginning of distillation - O TREY
Distilled 10% = up to OC 258 263
Distilled 50 - up to OC 289
Distilled 90% ~ up to °C 332 365

" End of distillation - 9C 357 357 391
Cheracterizing factor 11.87 11.87 11.86

Characteristic of gasoline:
Specific gravity 0.7385 0.7370 0.7416 0.7354 0.7313 0.7316

Bromine number 87 - 93 89 83 62
Aniline point - OC 25 29 23 27 29 32
Beginning of distillation = OC L1 37 L1 39 33 38

Distilled 10% - up to °C 51 51 5k sh L6 Sl
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{Table cont'd]

[1] [2] (5]

Distilled 50% = up to ©C 9l 108

Distilled 90% - up to °C 176 187

End of distillation - OC 199 201

Octane mimber of, the nonethylated gasoline 76.0‘ Thals

Octane number of gasoline to which 1.5 milliliters of

tetraethyl lead fluid per liter was added 81.9 8lels
Characteristic of the gas oil:

Specific gravity k 0.5082 0.9260 0.9088 0.9123 -
Viscosity = _‘931 1.12 1.15 1.15 1.18

Freezing point. - °C -ho Lo =37 =37

Aniline point 27 - 26 20
Beginning of distillation - OC 216 236
Distilled 10% - up to °C 237 25
Distilled 50% = up to oC 5 259
Distilled 90% = up to °C 299

End of distillation - OC 31
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[Table Cont'd]
1

Characteristic of evaporator residues:

1.036 1.032
specific gravity

L9.6 51.2
Viscosity = 20 v

=l -1
Solidification point

1) Vacuum distillation
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[Diagrem, page 17 of originall
Flowsheet for the Process of the Combined Cracking of the Liquid Frac=

tions and Gases

1 - tubular furnace; 2 - low=-pressure evaporator; 3 = condenser=
cooler; U - tank for distillate; 5 = combined column~evaporator;
6 = hot-water boiler; 7 = stabilization column; 8 = absorber; 9 =

pumpss 10 = heat exchanger; 1l = immersion cooler.
THE PROCESS OF CONTINUOUS COKING OF THE HEAVY RESIDUES

One of the refining processes for the heavy nontransporte
able residues, with the simultaneous obtaining of fasoline, valuable

distillates, and petroleum coke, is the process of continuous coking.

The residue stock is forced by pump 1 through the first two
groups of heat exchangers 2, where it is preheated by the heat of
the light and intermediate gas oils arriving from column 7 (in the
flowsheet, for purposes of simplification, the lines of flow of the

distillates and of the residue stock are not fully indicated).

Upon emerging from the two groups of heat exchangers 2, the
residue stock is guided through a third group of heat exchangers 3,
where it 1s preheated by the heat of the circulating reflux of column
I (iﬂtermediate spray). Fiﬁally, in passing through the fourth
group (by order of passage) of heat exchangers 2, the residue stock,
preheated by the heat of the heavy gas oil, enters under the bottom

plate of the main column.

The steam distillates from the coke chambers 12 enter the
same column L. As a result of rectification, the gasoline coking

distillate is drawn from the top of the main column L and guided,
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through ccoler 5, into colleoting tank 6, and from there, through

gasoline heat exchanger 10, into stabilizer 9,

The steble gasoline is drawn from the bottom of the stabilizer

into heat exchanger 10, cooler 5, and into storage tank, while the

nonstable head 1s taken from the top of the stabilizer,

! The light, intermediate, and heavy gas oils are taken from
column L as side fractions. All these distillates are guided into

the tri-sectional evaporator column 7, from where, following exapor-

] ation, they are forced by the respective pumps, through heat exchangers g
2 and coolers 5, into storage tanks. The heavy residue from the main
column L is forced by two centifugal pumps, in separate flows, into
two independent tubular furnaces 15. Just before entering the fure

nace, the basic flow is divided into four subsidiary flows, which pass

through the convection section 16 of furnace, upon theemergence from
“ which two flows proceed through the left-hand screen-grid section
15 of the furnace, while the other two flows proceed through the

right~hand screen-grid section of the same furnace.

Upon emergence from the furnace, the flows of the lefte
&g hand and the right-hand sections become merged and enter the coking

chambers 12, There are two intermittently operating coking chambers

for each furnace. Each coking chamber of the described installation

is an upright cylinder,‘five meters in diameter and 24 meters high.

Upon passing through the four-way fitting 13, the highly

heated flow of the initial heavy residue, through the open stop valve

1L " (the right-hand coking chamber is shown in ths flowsheet as dis- - s

connected), enters the bottom part of chamber 12, and passes through

its full height. Upon emerging from the coking chamber, the flow is
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directed into the main column k.

The highly heated product is left to linper for some time in
the coling chamber, where it undergoes coking. The coke is gradu-
ally deposited in the chamber, while the coking products enter col~

mﬂnuo

When one of the chambers 12 is filled with coke, the flow
from the furnace is directed into the other coking chamber, which
is made ready to receive it. In order to disconnect the coking
chamber that is filled, valves lh are shut off, while valves 1l are

opened up in order to connect the second chamber.

It is to be remembered that the removal of the coke from
chambers 12 is done hydraulically (not indiceted in flowsheet).
To accomplish the above, the chamber is first air-blasted and cooled,
then its bottom and top trap doors are opened, and a uSOImm hole
drilled through the full height of the accumulated coke with the
aid of a hydraulic drill. The hydraulic drill is attached to a hol-
low rod, which can be lowered and lifted with the aid of a pneuma-
tic deviceinstalled above the coking chamber. Water is fed into

the hollow rod under a pressure of 70 atmospheres.

After the drill has passed through the full height of the’
coke, it is removed through the bottom trap door, while a special
hydraulic cutter, equipped with a series of jet terminals for‘guidu
ing the water streams at various angles to the coke deposition in the

chamber, is attached to the hollow rod.

The terminals of the upper part of the hydraulic cutter

produce a horizontal water stream and cut off the coke in layers,

while the terminals of the lower part of the hydraulic cutter pro-
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duce a water stream at an angle to the top, as @ regult of which the

coke becomes separated from the walls of the coke chambers

The hydrau}ic cutter gradually moves upward. The coke to-
gether with' the wzter fells downward, into a special car. The water
is continuously led out into a settling tank, from where it is fed
again by high-pressure pumps into the hydraulic system. The hyoraulic
method described redﬁces considerably the time required for the re-
moval of the coke from the coking chamber, as well as the number of
attending personnel, but, most importantly, no work of any kind is

required in the interior of the coking chamber.

The process is characterized by the following indexes:

Mazut (petroleum residue) to coking 100.0%
Obtained:

Gasoline 18.0%

ight gas eil 33.2%
Intermediate gas oil 15.8%

Coke ) 19.1%

Ges and losses ‘ 13.9%

Total 100.0%

Operating procedure of instellations

Ratio of circulating material to initial residue 0.33
Temperature on emerging from furnace L93°¢
Temperature on entering coke chamber 182°C
Temperature on emerging from coke chamber Lu3®c

pressure in coke chamber. - in atmospheres .0

st
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[Diagram, page 19 of originall
- Flowsheet for the Process of Continuous Coking of Heavy Residues

1 = pumps; 2 - heat exhangers for the preheating of the initial
residue by the heat of the distillates from evaporator column;
g 3 = heat exchangers for the preheating of the initial residue by the

heat of the circulating reflux from main column; L = main column;

‘ 5 = coolers; 6 - collecting tanks; 7 = tri-sectional evaporator colw |

um; 8 « hot-water heater operating on the hot reflux; 9 - gasoline

stabilizetion; 10 = gasoline heat exchanger; 1l = closed stop

valves; 12 - coking chambers; 13 = four-way fitting for distri-

buting product emerging from furnaces; 1 - open stop valves; 15 =

screen~-grid sections of tubular furnaces; 16 - convection sections

of furnaces; 17 - saturated-steam inlet.

mé)\ g in,
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" DESTHUCTIVE DISTTLLATION OF PETHOLEUM~CATALYTTIC PROCESSES

PROCESS OF CATALYTIC CRACKING WITH MRCHANICAL YEED OF THE
CATALYST

This process is designated for the refining of gas oils and
other heavier distillates for the obtaining of the basic component

of aviation or automobile gascline.

The catalyst used in the form of tablets or pellets of a
I - 6 mm diameter is transported by a special elevator. The recent
practice is to use mazuts [petroleum residues) of a direct distilla-
tion as the initial stock for the liquid-vapor phase feed of the

reactor.

The residues to be cracked are fed by pump 26 into tubular
furnace 25, upon emerging from which the heated stock is directed
into evaporator 2L for the separation of the nonvaporized liquid

residue.

The vapors of the initial residue to be cracked proceed from
evaporator 24 into the upper part of reactor 22, where they come in-
to contact with the hot catalyst arriving through uprise 5 from bin

6, and then undergo cracking.

The reaction pfoducts are drawn through line 23 into rectifi-
cation column 3, while the poisoned catalyst descends from the reactor
into the receiver of bucket elevator 7. The elevator lifts the
poiéoned catalyst into a bin 8 of regenerator 9. In the regenerator,
the poiaoned catalyst passes through a series of consecutive zones,
in which the coke is burned out by blown-in air diluted with smoke

gases coming from generator 16.
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The heat contained in the smoke gases is utilized for the ob=-
taining of water vapor, for which purpose water under pressure is

circulated in pipes running inside the generator.

The regenerated catalyst, in descending, enters speclal buck-
ets iu elevatbr 7, which 1ifts it and empties it into feeder bin 6y
From here, the catalyst, is continuously fed by gravity feed, via

the uprise, into reactor 22.

T+ must be noted that the elevator buckets in up~to-date in-
stallations with a capacity of 700 tons per 2l hours, are divided in-
to sections, of which some are picking up the poisoned catalyst,

while the others pick up the regenerated catalyst.

Thus, one elevator simultaneously supplies the reactor 22

and the regenerator 9 with the respective catalyst.

Larger installations (above 700 tons per 2l hours) are us-

ually equipped with two elevators having nonsectional buckets.

Gasoline and gases, as overhead products, are drawn from

rectification column 3.

As side distillates of the rectification column, they
draw the light gas oil, also' the reflux product which passes through
furnace 25 and, together with a fresh supply of cracking stock, is

fed to catalytic cracking.

Part of the smoke gases from regenerator 9 are taken away
by compressor 19 and fed into the upper part of the reactor 22 for
the formation of a gas seal in the feeder uprise 5, while the re-
“maining part of the smoke gases escape through £he smokestack

exhaust.

d in Part - Sanitized Copy Approved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9
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The fresh catelyst is fed into the system from feeder bin

%B 12, Part of the regenerated cgtalyat is led off continuously in=-

1 to apparatus 11 for the purpecae of blowing off the catalyst dust with
\ : the ald of the gas tbat 18 fed from generator 1é. The catalyst dust,
together with the gas enters the dust extractor 10, where it 1s pre-
cipitated. The prgcipitated dust from the dust extractor is fed

into bin 13, from wheie it 1s periodically led out through line 1.

EXAMPLES OF OPERATTON OF AN INSTALLATION WITH VAPOR-PHASE

AND MIXED-PHASED FEED AND THE USE OF PELLET-SHAPED CATALYST

Vapor-phase feed Mixed-phase

(paraffin-base feed (Heavy

é Indexes gas oil) gas oil)
f:y : ; Case Case
: j I II (
‘ (1] “[a (3 0y
Activity index of catalyst 36.6 35.9 3546
] Fresh Stock to cracking, cu meters/2y 151 1255 1520
hrs

Including stock in liquid phase,

cu meters/2h hours - - 293
: Circulating stock, cu meters/2l hrs 910 668 - \
;‘ EANEA Catalyst circulation -tons/hour 108 122 120

; Vapor temperature when entering reactor
AREE I -% 463 L57 L71
Catalyst/temperature when entering re=-

actor = %

M,
Sk 4 b i
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(2]

Yield of Products Predicated on Fresh Stock:

Debutanized gascline (90% up to 190°C),
4 by volume

Gas oil = % by volume

Cyttg = # by volume

Iso = Cyttlo = % by volume

Cyttyg = % by volume

Dry gas = % by volume

Coke = % by volume

[1]

g Characteristic of fresh cracking stock:
n ; Specific gravity

i* * Beginning of distillation = °C

| Distilled 90% - up to °C

Sulfur content - % by weight

Coke, as per Konradsen,% by weight

Characteristic of gasoline with a Reid

vapor pressure of 517 mm of mercury

columng

Octane number of the nonethylated

gasoline
Octane number: of gasoline, to which 1.5

milliliter of lead tetra-ethyl fluid per

1 liter of gasoline was added

Sulfur content, % by weight

[2] (3]
5247 5045
32.4 32,9
3.9 3.9
7.6 845
302 3‘0
642 5.8
3.5 5.3
[2] (3]
0485l45
202 282
356 372
0.32 0429
0.02 -
[2] (3]
80.0 79.3
87.9 88.2

0.017 -

(4]

L2.6

50.1

2,7

L7

2,0

3.9

3.0

Vapor Liquid

phase
u]

phase
(51

0.8560 0.8905 0.,5291

2lly 291
L36 -
0.31 -

0.01 -

79.8

87.1
0.041
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[Diagram, page 2. of originall

Flowsheet for the Process of Catalytic Cracking with Mechanical Feed of
Catalyst

1- gas separator; 2 = condenser - cooler; 3 = rectification column;

i = hot-catalyst depository; 5 = uprise for the descent of the cata-

lyst; 6 - feeder bin; 7 = elevator; 8 = regenerator binj § = regen-

erator; 10 - cyclone dust separator; 11 = catalyst=-dust blowoff apparatus;

12« fresh-cataiyst bin; 13 - dust biny 14 - line of descent for the catalyst

dust; 15 - air blower; 16 - smoke - gas generator; 17 = vapor separator;

18 = vaper - water mixture feed line; 19 - turbo-compressor; 20 - line of

descent for poisoned catalyst; 21 - distribution grids for catalyst;

é2 - reactor; 23 - feed line for reaction products; 2l = evaporator;

25 = tubular furnace; 26 = pump.

THE PROCESS OF CATALYTIC CRACKING WITH PNEUMATIC FEED OF

CATALYST

The process is designated for the refining of gas oil with the
object of obtaining the basic component of high-octane aviation gaso-
1ine or automobile gasoline having an octane number of 80-82. (For
the obtaining of basic component of aviation gasoline, a two-stage
catalytic-cracking process is employed. The gasoline (automobile)
obtained from the stock in the first stage (cracking) is sﬁbject
to a repeat'catalytic treatment (purification). The yield of the
basic aviation-gasoline component from the initial stock is approx-
imately éne half of the yield of the automobile gasoline obtained

by single stage cracking).

As the initial stock, any distillate, and even deasphalted

mazut may be used.

The catalyst is uaually ground to pass through

v ¢ il %ﬂﬂ
£ b " i Al (Ll
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a 300-mesh soreens

The craecking stock 185 forced by pump 13 throush tubuiar furnace

12 (where it is vaporized), and from there into reactor 7, Ahead of

the reactor, to tiis flow of the cracking stock is adjoined the flow

of the regenerated pulverulent catalyst, which is descending from the ,

regenerator along the uprise 5, its temperature being 530~620°C. The

flow of the hot cracking stock, havingtecome jntermixed with the flow

of the hot catalyst, enters the lower part of reactor Te

The reaction products, coming out from the reactor, follow

into rectification column 8.

The vapors emerging from reactor 7 carry with them the pul-

verulent catalyst, which is partially intercepted by the cyclone dust |

separators 3. The remaining part of the catalyst is precipitated at

J‘ g the bottom of rec tification colum 8 and is continuously returned

together with the giluent (heavy gas oil) into reactor Te

To restore the activity of the catalyst, the latter is contin-

uously drawn from the reactor into column 6, where it is steam-dis-

tilled. The steam~distilled catalyst descends, by way of uprise : ‘

2 . 5 to the collector, into which is simultaneously fed compressed air

from compressor 1l. The coke is burned out from the catalyst in

‘regenerator i by the compressed air preliminarily diluted by the

smoke gasese

‘The regenerated catalyst is drawn from regenerator L, via-

uprise 5, to another collector, into which is also fed the fresh

cracking stock from the tubular furnace.

The smoke gases formed as & result of the coke combustion,

Declassified i - iti; joss
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for the purpcse of intercepting the catalyst, are directed, via

the cyclone dust separator 3, into the tubular cooler 2, where they
are cooled by water with the simultaneous formation of vapor, and,
after passing electric filter 1, they are exhausted into t he open
air., The amount of catalyst preclpitatad by the electric filter is
returned to regenerator 4o The reduction in the loss of catalyst is

of exceptional importance, since the cost of catalyst is very high.

As an example of one of the operational versions of such an
installation, the procedure, material balance sheet, and the quali-
tative indexes of the cracking stock and the products obtained, when
operating on heavy stock with rectification, are cited below. The
catalyst used in this case is a mixture of synthetic and natural cata-

lyst, with the latter predominante

To cracking: {1 (2]
Fresh stock, cu meters/2lL hours - 2808
Reflux material, cu meters/2i hours = 36k

Obtained:

Dry gas = % by weight 7.5
Propane-Propene ~ % by volume - 3.8
Butene-butene = % by folu.me - 8.2
Light ‘gasoline - % by volume , 18.1
Heavy gasoline - % by volume Coa7a
Light gas oil = % by volume 20.9
Heavy gés oil = % by volume . 26,9
Coke = % by weight ' 7.9

Consumed per 1 ton of stock:

Steam under pressure of 10.5 atm (absolute) in kg

for pumps 118

D ey Py ~ P 'UA :
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et
(1] (2]
T for steam-distillation = Lo
Vo
Total 158
xf: Obtained from the Economizer Boilert
Steam for fractional-distillation reflux = in kilograms

217 |

lixcess steam, in kilograms - 59 ;

g Electric energy for power and lighting, in :
% kilowatt-hours - 1.3

é Fuel valve, in kilo-calories, for compressors = 176 4

; Water at no higher than 30°C, in cu meters 10 '

Frocedure when Installation Operates on Heavy Cracking Stock:

Temperature in reactor - in °C 509

% Temperature in regenerator - in ¢ 596
v Ratio of catalyst to‘stock - 10.3 ;
‘ Pressure in reactor - in atmospheres (excess) 0.64 ?
z / Pressure in regenerator, in atmospheres (excess) 0.07 7 ]

ot

i ;
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CHARACTERTSTIC OF CRACKING STOGK AND FRODUCTS OBTAINED

Cracking Light Heavy
Physical and Chemical Properties

Stock Gasoline (lasoline

{1] [2] (3] [h)
Specific gravity 0.9165 0.7121 0.8280
Beginning of distillation - °C L9 L2 131
10% distilled = up to °C 348 sh Wl
50% distilled = up to °C L2k 72 163
90% distilled - up to °C 501 103 200
Sulfur content, % by weight O 0.1 0.2
Aniline point, ©C h 22 i

Coke = as per Konradsen 0.2 - -
Octane number - by the motor method - 79 79

Note: The above consumption indexes pertain to an installation with-
out a tubular furnace. The preheating of the sﬁpck to the cracke

ing temperature is accomplished by the utilization of the heat of the
hot distillates and of the regenerated catalyst. The indexes tabu-
lated above are characteristic of the work of the installation for the

production of automobile gasolines

[Diagram, page 23 of originall

‘lowsheet‘for the process 6f cétalytic cracking with pneumatic feed
of catalyst ‘

1- electric-precipitation filter; 2= cooler for smoke gases; 3 -

cyclone dust’separator; L - regenerator; 5 - uprises for the des-

cending of the catalyst; 6 - column for the steam-distillation of

o

i i
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the polaoned catalyst; 7 - reactor; § - rectification columnn; 9=
condensor-cooler; 10 - water-gag separator; 1l= compressor; 12 =

tubular furnace; 13 = pump,

VTH% PHOCESS OF CATALYITC CRACKING OF THE STOCK WITH CATA=
LYST IN SUSPENSION

3
i
I
]
!
|
i

The distinguishing feature of this process is the use of re-

latively small amounts of catalyst. !

As the inexpensive and low-activity catalyst, they frequently
utilize clay that was used for the contact purification of lubrica=
ting oils., However, finely-ground natural and synthetic catalysts

can also be used. H

The preparation of the catalyst. paste is accomplished in the

following manner.,

From bin 6, the catalyst (clay) enters into mixer 5, into which
is simultaneously forced by pump 8 a diluent from tank 9 for intermix-
ing with the catalyst. The intermixing is accomplished with the aid

of a propeller mechanism,

The formed paste is fed by pump L into the line, along which

the cracking stock is proceeding after having passed through heat ex-
changers 11. The resultant mixture passes in two fléws;ﬁhrough con=
vection section 3, radiation section 2, and, along line 1, enters. '

the combination column 12.

Into the two flows of the hot cracking stock is pumped from
the tubular furnace the cooled gas oil, which is drawn off from col-

umn 12, The gas oil passes througﬁ heat exchanger 11, immersion

B T
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cooler 10, and 1o foreed by & pump inte the two flows emerging from

the furnace prior to their cntering the combination eelumn 12,

Tn the combination column, the vepors are washed to remove
? ‘ the catalyst intercepted by them before, and the petroleun products

undergo rectification.

From the top of column 12, they draw the gasoline, whilch is
; condensated and cooled in cooler 13, then enters gas separator 15,

and from there -- to the plant storage tank.

Into the upper section of the column, along line 14, the li=-

groin-kerosene spray is drawn. Into the middle part of the col=-

umn (into several points of its height), for the purpose of washing
the vapors proceeding along line 16, the gas oil spray is fed. B3i-
}t : multanecusly, part of the gas oil from column 12 enters into steam-
distillation column 17, from where it proceeds, via cooler 13, i
into a plant storage tank, and is partly returned into tank 9. From
the bottom of the column, the residue, with the clay (the catalyst) i
in suspension, enters via cooler 10, into collecting tank 21, and

via line 20 =~ to rotary filter 19. ;

The filtered cracked residue enters tank 22, from wheré it

is pumped into a plant storage tank.

The catalyst (clay), depending on its value, can be sent

either to regeneration or to the waste dump.

The process just described is suitable for the production of
automobile gasoline with a stepped-up octane number. The pfesence
of & pulverulent catalyst in the cracking-stock flow, proceeding

through the tubular furnace, and the high temperature in the latter

- U6 -
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call for the use of pipss made from alloy stesl and return bends of
stepped=up strgngth - in order to avold rapld wear of the latter.

The most complex part of the ingtallation is the section lor the con-
tinuous filtration of the cracked residues, for whieh hot filters

of special construction are required.

The indexes for the cracking of gas oil, with the use of nat-

{ ural and synthetic catalysts, are given in Table below.

THE CRACKING OF GAS OIL WITH THE USE OF NATURAL AND

SYNTHETIC CATALYST

] Indexes Clay used Fresh Synthetic
up in the clay catalyst
“t 1 purifica~

; ; tion of

1 i lubricants

a [1] (2] (31

Pressure on emerging from furnace,
in atmospheres (excess) 25 25 25

Temperature on emerging from furnace,

in °%¢. 568 STl 568
Catalyst consumed kg /1P - - 28.5
Yield of Products:

Stable gasoline = in' % by volume - - 520
Excess butane = in % by ¥olume - - ko6

Distillation fuel (212-315°C)

- in % by volume - - 16.8
Mazut (above 315°C),in % by volume = - - 12.2
Dry gas - in % by volume o - 15.3

Octane number of nonethylated

gasoline
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(Diagram, page 25 of original]

Flowsheet for the Process of Catalytio Cracking of Stock
with Catalyst in Suspension
1 - emergence of producte from furnace; 2 = multichamber radiation
furnace; 3 = convection section of furnace; U4 - pump for feeding
catalyst paste; 5 - catalyst-paste mixer; 6 = catalyst bin; 7 -
catalyst inlet; 8 - pumps; 9 = tank for the paste diluent; 10 -
inmersion coolers; 11 = heat exchangersy 12« combination column;
13 - tubular coolers; 1k - line for spraying the column with the
ligroin-kerosene fraction; 15 - gas separator; 16 - line of the
gas oil spray; 17 - steam-distillation column for gas oil; 18 -
inlet for the open water vapor; 19 ~ rotary filter; 20 - residue
feed line; 21 - residue-collecting tank; 22 -filtrate- receiving

tank.

THE PROCESS OF CATALYTIC REFORMING IN THE PRESENCE OF
HYDROGEN (HYDROFORMING)

One of the up~to-date catalytic processes for the simul-
taneous obtaining of a high~-quality aromatic compénent of aviation
fuel and toluene is the hydroforming process, i.e..the process of
catalytic reforming in the presence of hydrogen. In hydroforming,
the‘catalyst is located in the reactor in a fixed position, where it

is periodically subject to regeneration.

For the continuity of the process, the installation usually
contains .two pairs of reactors, of which one pair is within the re-
action cycle (feeding of the stock), while the other pair is within

the regeneration cycle (burn-out).

The crude stock (ligroink is forced by pump 11, via heate

48 -
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exchanger 13, into cne of the coils of tubular furnace li, where it

is heated to 510°C, From furnace 1k, the heated stock is fed into

the reactor of firat stage 1., Simultaneously, via the other coil of
furnace i, compreasor 12 feeds the ocirculating gas with a considerable

‘hydrogen contents The gas is heated in the furnace to S40=560°C., The

two flows (the ligroin and the gas) are intermixed at the entrance to
the reactor of the firat stage 1. Upon emerging from the reactor,
thg common flow is directed into a separate coil of the tubular fur=
nace 1k, where the products are reheated and fed into the reactor of
the second stage 5. From reactor 5, the hot products pass a number
of heat exchangers 13, where they are somewhat cooled. On emerging
from the heat exchangers, the products are fed into water cooler 9
and gas separator 10, after which they are forced by a pump to rec-

tification.

Part of the gaes from gas separstor 10 is drawn into an ab-
sorber, while the remaining part is driven by compressor 12, via
heat exchanger 13 and tubular furnace 1k, into the reactor of first
stage 1l¢ At the same time, the second pair of reactors, for the
purpose of regenerating the a ctivity of the poisoned catalyst, are
burning through, the air fed by compression 2,‘after being diluted
by the smoke gases flowing from turbocompressor 3, is directed (frém
the top down) into reactor L, in which the burning-out of the coke

from the catalyst takes place.

Part of the obtained smoke gases is returned to the intake of
compressor 3, while the other part follows into reactor 8 (froh the
bottom upward) for the preheating of the catalyst to the required tem-
perature of approximately 510°C, ahead of 1ts next inclusion into the

reaction cycle,




- 2
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The smoke gases follow from reactor 8 into waste-gas boiler 6,

where thelr heat content is utilized for the formation of water vapor,
which flows into vaporecollector 7, and is fed from there to respec-
\ tive technological requirements. The cooled smoke gases are exhaus-

ted through the smokestack

OPERATING SCHEDULE AND YIELDS

Yield of Products - on the Basis of Stock:

Gas - % by welght 8.5
Coke on catalyst - % by weight 1.3
Aviation-gasoline component = % by volume 7640
‘ Polymers heavier than gasoline, % by volume 9.3

Consumed per 1 Ton of Cracked Stocks

, Fuel, in kilograms 285 ] :
: Steam, in kolograms 273 ‘
Water, in cu meters 33
Electric power, in kilowatt~hours 58

; Operating Schedule:

Volumetric rate per hour 0.65
Duration of reaction cycle, in hours L2
Temperature of flow on cdntacting the catalyst

- in °C, 527

Temperature of flow reduced in passing the

L

catalyst, by 9C . 63

Mean temperature of catalyst,oC L1
Pressure in the reactor, in atmospheres (excess) 1L.6

Ratio of circulating gas to stock, M3/M3 1210

- Declassified in Part - Sanitized Copy Approved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9
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THE CHARACT:RISTIC OF THE CRACKING STOCK AND THE GASOLINE

Phyeical and Chemical. Properties Craoking Aviation
Stock Gasoline
Component .
[1] . [2] [31
Specific gravity 0.7724 0.7927 i i
Aromatic Compounds , # by volume 10 bl | :
Bromine number, in g/100g 9 3.1

Octane number = with the addition of

2.6 milliliters of tetraethyl lead

fluid per 1 liter of gasoline - 93.7
Beginning of distillation, °C 97 57
10% distilled, up to °C 111 90
50% distilled, up to °C 126 119
90% distilled, up to °C 146 1l
End of distillation, ©C 166 166

[Diagram, page 27 or originall

Flowsheet for the Process of Catalytic Reforming in the Pres-
ence of Hydrogen (Hydrofoming)‘

1 - Reactor of the first stage; 2 - air compressor; 3 - turbocom-
pressor for smoke gases; 4 - reactor in the phaée of burning-out
(from top downward); 5= reactor of the second stage; 6 - waste-gas
boller; 7 - steam collector; 8 = reactor in the phasé of catalyst
preheating (from the bottom upward); 9= cooler; 10-gas separator;
11 - pumpsy 12 = circulgting-gas compressor; 13 = heat exchangers;

U - combinaﬂon multicoil furnace.

3 e

-5l
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THE PROCESS OF OBTAINING XYLIDINE BY HYDROGENERATI ON
UNDER HIOH PRESSURE

The crude stock for the production of xylidine by hydrogenera-
tion is mononi troxylene, Hydrogeneration is conducted under high pres-
sure, with the use of molybdenum sulfide on activated carbon as the
catalyst. In order to sustain the activity of the catalyst, hydro-
gen sulfide is introduced into the system, in addition to the initial

stock,

The reaction of hydrogeneration of nitroxylene is accompanied
by a considerable liberation of heat. Hence s in 6rder to contrel
the temperature cycle, water and the cooling gas, which circulates
in the system, are admitted into the reactor.

The nitroxylene is fed by pump 2 into absorber 3, where it be-
comes saturated with hydrogen sulfide delivered by compressor 1.
From the bottom of absorber 3, the nitroxyline flows toward reactor
5, before entering which it is intermixed with the flow of the cool-

ing gas and of the circuiating mixture of the raw xylidine and water.

The products of the reaction follow from the reactor, via
heat exchanger 6 and cocler 75 into high-pressure gas separator 8.
The separated gas ‘then returns to reactor 5 » While the raw xylidine

is transferred into a lowe=pressure separator 9.

The gas separated in the latter is driven out of the instal- _
lation, while the xylidine follows into settling tank 10, from where ,
after the water is separated from it, it is drawn into a stﬁrag'e
tank.

Part of the Xylidine and part of the water in settling
tank 10 are punped by separate pumps, become intermixed in the

- 52
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common pipeline, and enter the suction of the pump, which is re-
turning the circulating mixture of water and xylidine into re-
sotor 5. This mixture, ahead of ite entry inte reactor, becomes
hutcd‘in heat exchanger 6 by the heat of the products, coming
out of the readtor, and is additionall y heated in preheater '

Hydrogen is fed into the system by compressor 1 and is mixed
in the pipeline with the circulating gas.

For the control of the reaction temperature, & vapor condensate
is fed into the suction of the circulating pump, which returns
the rew xylidine into the reactor.

The retwrn of the raw xylidine mixed with water (one part of
xylidine to one part of water) helps preserve the activity of the
catalyste

To prevent the accumulation of inert components in the cir=-
culating gas, part of the high-pressure gas is continuously elimin-
ated from the installation.

For the obtaining of a commercisal product, the raw xylidine
is redistilled, with the elimination of the diamino compounds ob=-
tained during the reduction of dinitroxylenes present in the raw

stock sent to hydrogeneration.

Commercial xylidine is used as a component of aviation gaso-
lines « it increases the anti~knocking stability of the latter in

rich mixtures. The usual addition of xylidine amounts to 5 percent.
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TYPICAL INDEXES FOR THE OBTAINING OF XYLIDINE BY THE

HYDROGENATION OF NITROXYLENES UNDER HIGH PRESSURE,
WITH MOLYBDENUM SULFIDE ON ACTIVATED CARBON USED AS

.
?
?

A CATALYST
; Indexes Without With xyli=
xylidine dine circue
circulation lation
(1] (2] [3]

Nitroxylene, volume/volume of ‘
catalyst/hour Oulily Ouliks
Circulation of raw xylidine, ‘
volume/volume of catalyst/hour 0 Oult

Circulation of water, volume/volume

catalyst/hour 1.6 1.2
* Pressure in the system, in atm. 210 20 ]
Temperature on entering reactor, °C 165 168 1

Maximum temperature in reactor,°c 224 224

Circulating and cooling gas, m3/m3

of total stock (water + nitroxy-

lenes + circulating xylidine) 1heg : 1h2s
Hydrogen content in circulating and

cooling gas, % by volume 8o 85

Hydrogen sulfide content in circu-
lating and cooling gas,% by volume 0.6 046

Conversion of nitroxylene, %

Properties of the Crude Stock and Crude Pro- Crude Pro-

The Products: Stock ducts Stock dixcta
(1] ' (2] (3] (Ll (51
Specific gravity at 15.5/15.5 9C 1.116 0.97h 1.12  0.971
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f1] (2l (3] ) {sl
¥ylidine content, % bY weight 0 85.6 0 88.2
Nitroxylenes content,® by weight
Mononi troxylene oheb 93k
0.6 0d
Dinitroxylene 1.8 1.6
vater content, % by welght Traces 2 0.2 2

[DLagram, page 29 of originel]

Flowsheet for the Process of Obtaining‘Xylidine py Hydro-
genation under high pressure
1- compressorsj 2 - pumpsj 3 = absorber; I - preheater; 5 = re-
actor; 6 - heat exchanger; 7 = cooler; 8 - high-pressure separator;

9 - 1low-pressure separator; 10 - settling tanke

|
|

R
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THE REFINING OF CASES

THE PROCESS OF THE SELECTIVE ADSORPTION OF HYDROCARBONS
FROM GASES UNDER PRESSURE

The process reduces itself to the selective extraction of hy-
drocarbons from gases by the method of adsorption with activated car-
bon under preesure. The selective capacity depends on the adsorption

temperature and the molecular weight of the hydrocarbonse

Below follows the description of the process of the adsorp-

I tion of ethene from a gas mixture.

The initial stock (gas mixture) having a temperature of 60°C
enters into the middle part of adsorber 6 and flows upward to encoun-
ter the descending activated carbon, v;ith which it comes into close
‘ ; : contact. The carbon absorbs the ethene and other gases having the
same or a higher molecular weight. The gas mixture, deprived of the
ethene and consisting basically of methane and hydrogen, rises upward

and, at the cooling sector, is led out into cyclone dust separator

15 and from there into the fuel network.

The adsorbed gases, primarily ethene, together with the car-
con adsorbent, are led downward and enter heating sector 10. In this
sector, the temperature of the adsorbent is sustained at a level of

2659C. The heat is imparted with the aid of a circulating heat carriers

Due to high temperature, the adsorbed ethene is completely separated,

o+ ."5, g - . . .
} . and follows, via line 8 into dust separator 15, water-vapor condenser

13, drier 14 (where the water is separated), and then into storage tanke

Free water vapor is admitted into the bottom part of adsorber

6, where the adsorbent,’ acting as a shut-off device, prevents the
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water vapor from penetrating into the uprise of the pneumatio-

flow pipe 3.

i
b
IS
13
|
L
.
¢
!

From the bottom ‘ot adsorber 6, the carben inaéa is éntrapbod
and carried upward by the blow=off gas fed from the gas blower 16,
while 1ts surplus is fed into the fuel network. : 3

For sustaining the activity of the carbon, the installation
is equipped with tubular carbon activator 22, into which flows part
of the carbon from the top of adsorber 6., The carbon mass entering

through the tubes 1s heated and undergoes live-steam distillation, o

e e i A R A T T e T R

basicaliy for the purpose of eliminating the heavy hydrocarbons,

i which interfere with the activity of the carbon. V%

The carbon in the activator is heated by the smoke gases
flowing from combustion chamber 21, The smoke gases pass along the

‘ ‘ ‘ space between the pipes and are exhausted through the smokestack.

The activated carbon in use is made up of particles that pass

e through a 12 - 30 mesh screen.

‘ ) The rate of flow of the carbon in the adsorber is controlled
[ i
. by a special vibrator plate 12 located directly under the heating
i section 10, The vibration mechanism consists of two stationary plates

i 26 and 27 and one movable plate 12 in the middle. Thev clearances be~

' tween the plates are about 6 millimeters, which practically excludes .

the possibility of attrition for the carbon.

The movable vibration plate has & cluster of interfluent
tubes which serve simultaneously for the admission distribution, and
passing of the descending flow of the carbon adsorbent. When the

movable vibration plate 12 is in its extreme position the carboh

e AN TSN
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is fed from plate 26 onto plate 12 and is somewhat detained in the
above mentioned tubes, since the perforaticns in stationary plate 27
do not colncide with the openings of the interfluent tubes of the
movable vibration plate 12, When vibration plate 12 moves into its
opposite extreme f.»ouition, the openings of the interfluent tubes,
which are filled with carbon, will at some moment coincide with the
perforations of the bottom stationary ﬁlate 27, and the carbon from

the tubes will pass downward through the perforations of this plates
The vibratory plate is driven by piston 28 tied in with a hydrau-

lic-system drive. ‘

THE MATERIAL-BALANCE SHEET AND THE COMPOSITIONS OF THE GAS
FLOWS

Components Gas Mixture Target gas Exhaust Gas Blow-off gas

to adsorption
m3/hour % by  m/hour % by m /hour % by m/nour % by

volume volume volume volume

[1] (2] (3] (] [5] [6] (7] {8l (9]
Hydrogen 832,5 39.8 - - Lo2.0 31.6 L3os 61.8
Nitrogen 35,0 1.7 - -  17.8 1l 17.3 2.5
Carbon Monoxide 18.9 0.9 - - 9.9 0.8 9.1 1.3
Oxygen 2.8 0.1 0.1 0.1 1.3 0.1 1l 0.2
Methane 1073.2 513 - - B30 661 235.0 37
Carbon dioxide L.2 0.2 3.7 2,9 - - 0.6 0.
Acetylene L5 0.2 b 3.6 - - - -

Ethene 120.3° 5.8 117.5  92.7 - - 2.8 | O.uk4

Ethane

0.9 Traces - - -

TOTAL 2092.4 100.0 1269.1 696.6 10040
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Consumed when passing a gas mixture of 212§ n’[hou.r:

Water, in ou meters L3.6
Fuel (gas), in ou meters 83.5
‘: Steam under a pressure of 10.5 atmospheres, in kilograms 616.8
Electrioc power, in kilowatts 11.0
Activated carbon, in tons/hour 8.2

[Diagram, page 31 of originall i

Flowsheet for the Process of Selective Adsorption of
Hydrocarbons from Gases
Under Pressure

1 - bin for activated carbon; 2 - line of excess carbon discards
3 = uprise of pneumatic-flow pipe (11ft) L4 = cooling section;

3 5 = water inlet; 6 - adsorber; 7 = gas~-distribution plates; 8 -
ethene discharge; 9 = heat=carrier inlet; 10- heating section .
with circulating heat carriery 1lle heatecarrier dischargey 12 = ‘
vibratory plate with interfluent tubes; 13w condenser and cooler

\,L for steam; 14 = drier; 15 = cyclone dust separators; 16 = gas

blower; 17 = gas=blower feedline to pneumatic-flow pipe; 18 =

1ine for the addition of activated carbon; 19 = air blower; 20 =

shuteoff control device; 21 - smoke gas generator; 22 = tubular acti-
vator for carbon; 23 = operational-liquid inlet; 24 - operational-

liquid discharge; 25 = liquid distributors 26 - stationary plate [

with tubes and capsy 27 - stationary plate with perforations;

28 - piston; 29 = switch.

THE PROCESS OF PHOSPHORIC-ACID TOTAL FOLYMERT ZATION

This process is used for the catalytic polymerization of

nonsaturated gases for the purpose of obtaining high-octane pOlym
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merised gasoline for automobiles,

These installations very frequently operate in combination with
cracking plants for the refining of the nonsaturated gases from the

cracking proceas.

The initial stock (gas) is fed by compressor 1 into tube heater
4, where it is heated to 200°C., The heated stock enters conseeutivgly

into catalyst chambers 5 filled with phosphoriceacid catalyst tablets.

Simultaneously, a special water injection pump 3 feeds water
from measuring tank 2 into the i"lawline‘ of the stock ahead of the fur
nace and into the flowline of the stock following its emergence from
the first (in the order of the flow of the stock)catalyst chamber.

Thus, the initial stock enters the catalyst chambers together with

the water vapor.

Under the effect of the phosphoric acid, the non-saturated
hydrocarbons undergo polymerization, with the formation of poly-

merized gasolines

Upon emerging from the second (in the order of flow of the
stocks catalyst chamber, the'polymeri-z‘ed-gasoline vapors are partly
L
condensated in water condenser and; with a temperature of 175°C,

enter stabilizer 8, which is equipped with a casing head.

In the upper part of the stabilizér, there is a water con-
denser 7, which provides for.the spraying of the stabilizer and
cools the waste gas. Part of the latter, together Awith a fresh

supply of gas, enters furnace U,

The clrculating gas controls the percentage of nonsaturated

hydrocarbons in the stock mixture, since an excessive content of




i : CIA-RDP82-00039R000200160004-9
Declassified in Part - Sanitized Copy Approved for Releasg_2£J12>/O3/21 C

hydrocarbona in the latter may result in the excessive formation

T of high=boiling polymers.

\ ; From the bottom of the stabilizer, to polymerized gasoline is
directed into hotewater kettle 9, and from there, via water-cooler

4 10, into storage tanks.

The following degree of conversion of the olefins is at-

: tained in the process of phosphoric-acid polymerization: etheme --

up to Lo percent, propenes -= up to 98 percent, butenes -« up to

92 percent, and isobutenes -« dp to 94 percent., The yield of the
! polymer-distillate is up to 800 liters per 1000 cubic meters of
initial stock,

H The indexes, which are characteristic of the properties of
: the polymer~distillates obtained, and the consumption indexes are

depicted in the Table below:

] CHARACTERISTICS OF THE POLYMER=DI STTLLATES

Indexes INITIAL STOCK
Stabilized Butane- Propanew : .
‘ cracked- butene propene

gasolineg fraction fraction

e head
' (1] (2] (3] (4]

ik 1 ! Operating Procedure:

Pressure, in atmospheres (excess) 35 70 70
Temperature, in Og 185-188 204 232




¥
|
|
j

(Table Cont'd)
(1)

(e)

Properties of the Polymer=Distillates:

Specifioc gravity

Beginning of diatillation, °C

10% distilled, up to °C

50% distilled, up to °C

90% distilled, up to ¢

End of distillation, ©oC

Reld vapor pressure, in mm of
mercury column

Octane number -- without the ade-
dition of tetraethyl lead fluid

Octane number ~-- with the addition
of 1.5 milliliters of tetraethyl
lead fluid per liter

Octane number of mixture 5 = 10 per-
cent in a mixture with directe
distillation gasoline

Octane number of mixture 5 - 10 per-
cent in a mixture with gasoline

from thermal cracking

0.7238
36

69

113
186
221

Lés

Consumed per 1 ton of polymer-distillate:

Steam, in kilograms

- Water, in cubic meters

-Electric power, in kilowattehours

Declassified in Part - Sanitized Copy Appro
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(3]

0.7227
26

67

126
193

a3

569

82.5

85.0

(4]

047298

62

96

130

166 |
206 |

207

110-120

95-100

2360
118
31
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(Diagram, ses page 33 of original)

Flowsheet for the process of phosphoric-acid total poly=
merization
1 - compressor; 2 - water tanks; 3 - water-injection pumpj 4 -
tube heater; 5 = catalyst chamber; 6 - condenser; 7 = water con-
denser; 8 - stabilizer with casing head; 9 - hot=water kettle;

10 - water cooler,

THE PROCESS OF SULFURLC-ACID ALKYLATION OF ISOBUTANE WITH
THE ATD OF BUTENES

The process of alkylation of iscbutane with the aid of bu=
tenes, in the presence of concentrated sulfuric acid, permits the
obtaining of a high-octane aviation gasoline component (technical

isooctane). The essence of the process is as follows.

The initial stock (the butane-butene fraction) is passed
through alkali mixer 1, where it is treated by a circulating alka-
1line solution for the elimination of hydrogen sulfide, and then
drawn into settling tank 2.

From the settling tank, the butane-butene fraction, having
intermixed preliminarily with the circulating isobutane, follows in-
to heat exchanger 9, ammonia cooler 10, and enters the contactor

(reactor) 5,

Tnto reactor 5, along line L, flows a concentrated sulfuric

~acld, which, with the aid of mechanism 7, is thoroughly intermixed

with the components to be alkylated at a temperature 0° - 10°C., For
the purpose of cooling the reaction masses, ammonia is circulated

in special tubes of contractor 5. The products of alkylation follow

Declassified in Part - ed Copy Approved for Release 2012/03/21 : CIA-RDP
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slong line 6 into sulfuric-acid settling tank 8, from where the
settled out sulfuric acid is returned by pump 3 into contactor 5,
while the used-up sulfurio acid is led out of the system.

From settling tank 8, the products of alkylation pass through
heat exchanger 9, alkali mixer 1, and, after treatment by the cir-
culating alkaline solution, follow into alkali settling tank 2,

From settling tank 2, they alkylation products follow, via
preheater 15, into de-isobutanizer k.

The isobutane, which did not participate in the reaction, to=
gether with the propane, are drawn from the top of ihe de=1sobutan=
izer 1k, cooled in condenser 13, then follm*into collecting tank 17
and storage tank 18, from where part of the flow, via heat exchanger
9, 1s drawn into de-propanizer 19 for the elimination of propane,
in order to avoid the accumulation of the latter in the systenm,
while the basic part of the flow feollows to be mixed with the income
ing fresh supply of initial stocks

The residue from the bottom of the de-isobutanizer 1k, for the
purpose of eliminating its butane content, is led into de-butanizer
20; The residue from de~propanizer 19 basically consists of isobu=
tane, which passes heat exchanger 9 and is returned to the reactor,
by Joining with the flow of the fresh supply of butane-butene frac-

tion.

From the top of de-propanizer 19, the propane fraction is
drawn, cooled in condenser 13, and sent into butane-accumulator
21, from where part is returned in the form of spray, while the sur=

plus is led out of the system.

The de~butanized alkylate from the bottom of the da-‘butanizer )
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Declassified in Part - Sanitized C
opy Approved for Ri :
‘ elease-Z.['J12/O3/21 : CIA-RDP82-00039R000200160004-9

20 is fed into ooclumn 22 for rectification.

From the top of colum 22, the target aviation component ==
the light alkylate, or technical iscoctane, 1s drawn, while from
the bottom of the column comee the reeidue, which is a component of

sutomobile gasolines

The above-desoribed process 48 characterized by the following

indexest

Olefins in the initial stock, % by weight 35 = U5
Gram-molecular ratio of isoparaffin to the olefins in the
reaction zone 5«6

Concentration of acid, in %t

Fresh supply 98
Used-up 86-87
Volumetric ratio of acid to hydrocarbons in the re=-

action zone 1-1.8
Maximum temperature in reactor, in °C 10
Contact time, in minutes 20-40

yield of alkylate, in 4 by weight of the olefins

fed into system 150=200
yield of aviation alkylate, 4n % of total combined

alkylate yield 90-92
Fresh acid consumed,in Kilograms per 1 ton of alkylate

yield 170-~190

Properties of combined alkylates

: Spe’oifio gravity i 0,705
Bromine numb er - v 0e3=045
Octane number, by the motor method 91

Beginning of distillation, oc Lo
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10% distilled, up to °C 83
i 50% distilled, up to ©0 106
\ 90% distilled, up to °C 31 ‘
End of distillation, °C 206
/ ! Properties of fraction boiling up to 1509C
o (avistion alkylate): |
Content of nonsaturated hydrocarbons, in % Traces
| Temperaﬁure of 50%, distillate, in OC thr ‘
5 Reid vapor pressure, in mm of mercury column 181 i
2 Octane number, by the motor method 92

i Octane number of Grade 1 with the addition of 2,8 milli-
liters of tetraethyl lead fluid per liter 104105

Octane number of Crade 3, with the addition of 2.8 milli-

liters oftetraethyl lead fluid per liter 1h2-143

———

Consumed per 1 ton of combined alkylate:

Steam, in tons 7.9
., Water, in cubic meters 182.0 ‘
! Electric power, in kilowatt~hours 165.0

[Diagram, page 35 of originall

Flowsheet for the process of sulfuric-acid alkylation

‘ ’ of isobutene with the aid of butemnes

7’ R B 1 - Alkili m:{xer; 2- alkali settling tank; 3 - pumpss L - acid
intake; - 5 - contactor (reactor); 6 - alkylation-product discharge;
7 = mechanism for the rotation of impeller in the contractor; 8 =
sufuric~acid settling tank; 9 = heat ‘excha.nger; 10 - ammonia cooler;
11 - refrigerating-agent (ammonia)intake‘; 12 = refrigerant diacharge;

13 - condenser; 1k - de-iscbutanizer; -15 - preheater; 16 = hot ]

water kettley 17 = collecting tank; 18 - storage tank for the

=66 -
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oirculating iscbutane; 19 - de-propanizer; 20 - de=butanizery 21 =
butane oollecting tank; 22 = rectification column for the alkylate;
23 = coolerj 24 = collecting tank for light slkylates

THE PROCESS OF HYDROFLUORIC~ACID ALKYLATION OF ISOBUTANE
WITH THE AID OF BUTENES

This process of alkylation is conducted in the presence of hydro-
fluoric acid, which is continuously regenerated in separate apparatus
of the same installation. (It must be remembered that hydrofluoric
acid is highly toxic. Hence, special safety arrangementé are to be

followed in the operation of such installationa)e.

Dehydrated initial stock (the butene-butene fraction), inter-
mixed with isobutene, enters, the water-cooled contactors 1, where,

at a temperature of 25 - LOOC it is intermixed with the above acid.

The mixture of the hydrocarbons and the hydrofluoric acid
follows from contactors 1 into the acid settling tank 3, from where
the acid is fed into regenerator 22. From settling tank 3, the mix-
ture of hydrocarbons is fed, via collecting tank 5 and preheater
6, into de~-propanizer 7. The propane from the de-propanizer follows
into collecting tank 10, from where it is returned as a spray-wash
for de-propanizer 7, while its surplus follows into a subsidiary
colum for the steam-distillation of the acide The acid at the bot-
tom of collecting tank 10 is drawn into settling tank 3. The pro-
pane is led out of the installation, and, following neutralization,
is directed into the gas main ofthe plant. The residue frc;m de~
propanizer 7 is fed, via neutralizing bauxite-percolation column
12, into de-butenizer 15, from where the butene follows into cooler

9 and colleoting tank 16, Part of the butene is returned as spray-wash

- 67 =
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for the de-butanizer, while its surplus is directed into & plant

storage tank. The residus from de-butanizer is fed into column

18 for the rectification of the alkylate.

The aviation alkylate from the top.of column 18 is drawn into
collecting tank 19, and then into a storage tank.

The regeneration of the hydrofluoric acid is acoomplished
in two stages: in the first stage, the acid is freed from the poly-
mers, in the second stage, it is freed from the water. The elimina-

tion of the polymers from the acid is accomplished in regenerator

column 22, in which the acid is blown through by isobutane vapors,

preliminarily heated in hot-water kettle 8, which operates at the

temperature of 180°C. The acid, together with the isobutane, is
directed into cooler 9, then into collecting tank 21, and returned :

‘ i to settling tank 3.

The residue from regenerator 22, after cooling, is used as

fuel for the plant boilers. ‘ }

A small portion of the acid is fed from the collecting tank 21

to be dehydrated in subsidiary column 20, from the bottom of which
the continudusly-boiling water-acid mixture (about LO percent acid)

is drewn. This mixture, after being neutralized with calcium oxide,

A : is led out into the sewer system. The acid drawn from the top of

dehydration column 20 follows into settling tank 3, via collecting

tank 2l.

] The production indexes of the process are characterized by the

following operating data:

S RS
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Crude Stock to Processing:

Butenes (including 1L oubic meters of propens and

39 cubic meters of pentenes), in m3/2L hours 154
Saturated hydrocarbons (including 67 oubic meters of li=
, quid isobutane) in m3/24 hours 296
Total orude stock, in m3/2k hours G50
i
Circulating isobutane of 80% purity, in m3/24 hours 1638
: Obtaineds , j :
Aviation alkylate, m3/2L hours 329
] Heavy alkylate, m3/2k hours 21 |
Isopentane, m3 /24 hours 30
Normal Pentane, m3/24 hours 56
i Propane, m3/2 houré. 17
} f 4 cid-dissolved hydrocarbons, m3/24 hours 3
' ! ]
5 total 456 |
Yield of aviation alkylate in m3 per 1 m3 of olefins 1.7 ',
‘ Consumed isobutane, in m3 per 1 m of olefins 1.2 ]
‘ Operating procedure:
i Ratio of isobutaﬁe to olefins 7405
“ Ratio of acid to hydrocarbons in reaction zone 1.2
] Pressure, in atmospheres 10.5
\ ; Temperature, in OC _ 39
Time of contact, in minutes ‘ 15

Gomiao sition of acid:

Acid, determinable by titration in percent by weight 89.6
Hydrocarbons, in % by weight 340 '
. water, in % by weight 1.6

Consumed.:

Steam, in tons/hour
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L ' :
Eleotrio power, in kilowatts 900
Return water, in ou meters/hour 835
Fresh water added, in m3/hour Lg I
3 Fuel (gas), in m3/hour 2%
L Caustic soda, in tons month 3.12
Bawxdite, in tons/month 33.0
Hydrofluoric acid, in tons/month 19.0
Calcium oxide, in tons/month 0.5 |

e e R e T

PRODUCTS OBTAINED BY HYDROFLUORIC-ACID ALKYLATION

j; Physical and Chemical De~-pentanized Heavy alky- |

i properties aviation late i

; alkylate “

[ ' Specific gravity 0,707 047961 ’
‘ Beginning of distillation,oC 8l 213
10% distilled, up to °C 98 220
50 % distilled, up to OC 107 231
; 90% distilled, up to °C 123 282
End of distillation, ©C 188 32l

Reid vapor pressure, in millimeters
of mercury columm 57

Octane number 90 75

i (Diagram, page 37 of originall

Flowsheet for the process of hydrofluoric acid alkylation .

of isoblitane with the aid of butenes
1 - contractors (reactors); 2 - water-cooling lines; 3= settling
tank for hydrofluoric acid; L - pumps; 5 - collecting tank; 6 -

preheaters; 7 - de-propanizers "8 = hot-water kettle; 9 - condensers-

¢ i
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coolers; 10 = cclleoting tank; 11 = column for the steam~distilla-
tion of the hydrofluoric acidj 12= bawd te-percclation colums;

13 - de-iscbutanizer; 14 - iscbutane tank; 15 - de-butanizer; 16 -
collecting tank; 17 - butane tank; 18 = rectification column for
alkylate; 19 = colleoting tank for light alkylate; 20 = dehydration
column j; 21 = collecting tank for hydrofluoric-acid regenerators

THE PROCESS OF PHOSPHORIC~-ACID ALKYLATION OF BENZENE WITH
THE AID OF PROFENE

Cumene, or isopropylbenzene, is an excellent component of
aviation gasoline, sinct it has a high octane number (in its pure
state, 1ts octane number, as determined by the motor method is 96),
a low point of solidification, and produces better pickup with

tetrasthyl lead than benzenes

The use of cumene in aviation gasoline permitted the utili-
zation for its production of the sources of coal benzene and of the
propane-propene fraction, which was previously not utilized in the

production of aviation-gasoline componentse

Research resulted in the development of a vapor-phase proc-
ess of alkylation with the use of a solid catalyst~-phosphoric acid

on diatomaceous earth.
The process runs as follows.

The crude stock (the propane-propene fraction) and benzene in
a predetermined ratio are fed into collecting tank 1. From the col-
lecting tank, the above mixture is forced by pump 2, via heat ex~-

changer 3 and evaporator L, into reactors 5 (the flowsheet diagram

conditionally shows only one reactor) equipped with vertical tubes,
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which are fillo1&ith the phosphoric=acid treated catalyste The re=-
actor operates at a temperature of 255-260°C and at a pressure of 25
atmospheres. Having passed through the layer of the catalyst, the
mixture emerges from reactor 5, follows through heat exchanger 3, and
enters the depropanizer 6. In the depropanizer, the propans and
the nonreacted propene are separated and are drawn from the top of

the apparatus.

De-propanization is conducted at a pressure of 12 atmospheres

and a temperature of about 200°C maintained in hot-water kettle 13.

o

From the bottom of de-propanizer 6, the residue, which is a
mixture of benzene, cumene, and the heavier alkylbenzenes, is drawn
into column 9 for the separation of benzenes Column 9 operates at
straight atmospheric pressure. The overhead product drawn from this
colum (benzene) is partly returned to the column in the form of
spray, while the remaining quantity of benzene follows into a cole

lecting tank for subsequent circulation.

The residue from column 9 is fed into column 11 for the separ-
ation of cumene (isopropylbenzene). The operating cycle of this
column is such that only é certain part of the diisopropylbefzan,e
is taken from the top of the column together with the target product-

cumene.

Thus, from the top of colamn 1l is drawn off into a plant stor-

age tank.

If the initial stock used is of adequate purity, no special
methods of purification are called for, and the cumene obtained may

serve as the commercial component for aviation gasoline.

-2
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The vapor=phase process of alkylation is proceeding at rela-
tively low temperatures and pressures. The accessories and the equip=-

ment may be made of carbon steel,

For the production of ocumene, it is recommended that a benzene

containing no more than 0.15 percent of thiophene be used, since the

[ thiophene reduces the life period of the catalysat. %

The purification of the benzene from its thiophene content may
be accomplished at a temperature of 209C with the gid of a 98 percent
sulfuric acid.

Traces of ethylene and butenes in the propene initial stock
are congidered to be nondeleterious. Ethylene is slower in enter-
ing the reaction than propene, and it passes through the reaction
” zone without sustaining any chenges, while the butenes are almost com- : g
pletely alkylated, resulting in products with properties similar to

those of cumene.

THE PROCESS IS CHARACTERIZED BY THE FOLLOWING INDEXES

‘ Temperature in the reaction zone, 0C o 260
‘ Pressure --=--, in atmospheres (absolute) 25
Molecular ratio of benzene to propene, in ‘% 10 ‘ |

A Volumetric velocity (volume of liquid flow for 1 her

per unit volume of catalyst) 3
Degree of propene conversion, in % . 85 ' , ’
Yield of cumene, by the reacted propene, in % 200-225
Consumption of catalyst, in % of the target product 0.3 (
1 Properties of the end product: o ‘ S E
Specific gravity 0.8633
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Reid vapor pressure, in millimeters of meroury column
Boiling range for the entire product, °C

Boiling range for 80 % of the product, °C

Octene number

Flash point, °C

[Diagram, page 39 of originall

benzene with the aid of propene

1 - collecting tank; 2 = pumps; 3 = heat exchanger;

BUTANE

actelerators
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1 '5
138-177
146-160
99

52

Flowsheet for the process of phosphoric-acid alkylation of

4 - evaporator;

5 - reactors (only one shown in diagram); 6 - de-propanizer; 7 =
water cocler; 8 = propane - ccllecting tank; 9 - benzene-separa-
tion column; 10 - benzene-collecting tank; 1l == cumene-separation

column; 12 = cumene-collecting tank; 13 = hot-oil kettle.

THE PROCESS OF THE VAPOR-PHASE ISOMERTZATION OF NORMAL

This process permits, by utilizing the isomerization of the
butane, an increase in the sources of iscbutane -- a component that
must be made available for the production of high-octane alkylates.
The isomerization of butane is conducted in the presence of a cata=-

lyst =- aluminum chloride, and of anhydrous hydrochloric acid as an

S The initial stock (normal butane) is fed by pump 12 into

mixer 1k, where, for purposes of dehydration, it is intermixed with
an alkaline solution. The concentration of the alkaline solution

18 40-45° Baume’ The mixture of butane and alkali is allowed to
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settle in settling tank 1',’, the alkalie taken away by & pump and
refed into mixer 14, while the butane follows through heat ex=
changer 16, steam preheater 3, and, in the form of vapors, enters
the tubes of reactor 1. The reactors are vertical heat exchangers,
the tubes of which contain aluminum chloride. In order to con=-
trol the temperature of the process , & diathermic petroleum product

ia circulated in the space between the reactor tubes.

To sustain the activity of the aluminum chloride, the hydrogen
chloride which is circulating in the system, is admitted into the bu-

tane flow, ahead of its entering the reactors.

The butane, in pésaing through the tubes containing the alum-
inum chloride, becomes subject to its catalytic effect, as a result

of which the transformation of butane into isobutane takes place.

The flow of the products emerging from reactors 1 passes
through adsorbers 4, filled with granulated aluminum oxide, where
the aluminum chloride is entrapped, while the remaining reaction
products are fed consecutively into condenser 5 s cooler 6 with pro-
pane as the coolant, and, finally, into collecting tank 7 operating
at a pressure of 14 atmospheres. The liquid products from the col-
lecting tank are fed by a pump to column 10 for the distillation of
the hydrogen chloride and its subsequent return into the flow of the
fresh stock, ahead of reactors l.‘ Column 10, operating 'at a pres-
sure of 20 atmospheres is equipped with steam kettle 11. The residue
from this column is first cooled in heat exchanger 16, then in cool-
e:; 15, following which it is partially drawn for the spraying of

scrubber 8. The basic mass of the residue enters mixer 1h, where

‘ it is neutralized by the circulating alkaline solution from set-'

tling tank 13.

oroved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9
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4

The neutralized product (mixture of isobutane, butane, and
other) is drawn to rectification for the liberation of isobutane

and subsequent return to isomerizaticn of the nonreacted butane.

At the emerging from preheater 3 the temperature is so ocon-
trolled that following the intermixing of the hydrogen chlorids with
the butane,the temperature of the total flow ahead of the reactor is

above the dew point.

The small arﬁounts of gas generated continuously during the va=
por=phase isomerization of normel butane, are released from collec-
ting tank 7, via scrubber 8, 1In scrubber 8, which is sprayed by the
chilled product. (the mixture of isobutane, butane, and other), the
hydrogen chloride is entrapped. The gas coming out from the

scrubber, consists mainly of methane andsamgll quantities of hydrogen.

The operational indexes, taken by three isomerization instal-
lations, and the yield of end products from the single-stage isomeri-

zation of butane in its liquid phase, are given below:

OPERATIONAL INDEXES

Indexes Installations
A B c
(1] . [2] (3] [kl

Butane charged into reactor, in
tons/2l hours 335 360 165

Isobutane content in reaction pro-

duct, % by volume L7.6

Temperature at entering reactor,o¢ 123
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(1] (2] (3) (u]

Pressure in reactor, in atmose

: pheres 1844 11.3 1l

Hydrogen chloride content in crude (‘
stock, ahead of reactor,
molecular % 16.8 13.3 . 11.0
Catalyst consumed,kg/2t hours 1450 998 500

E Auminum oxide (for adsorber)

| consumed, kg/24 bours 353 500 308
? Hydrogen chloride consumed, kg/2h - L1.7 L1.3
Isobutane obtained, in liters pg? 1
[ Kilogran of catalyst used 200 250 225 :

The efficiency factor of the in-
l : stallation (in %) 9647 91.9 SL.7
i Volumetric velocity through cata=-

lyst layer (in reactor), or vol-

ume of liquid-stock flow per hour

over volume of catalyst used 1.01 0.79 0.8k

Volumetric velocity in adsorber,
or volume of liquid-stock flow
per hour over volume of adsorb-

ent used 1.50 2,30 1.83

Butane to isomerization, % by weight 100%

Reaction products (flow from rgaetor) , % by weight:

Dry gas 0.7
igobutane 50.0
normal butane L8.6
Cg and heavier 0.7

s ! A
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(Diagram, page 4l of original)

Flowsheet for the process of the vapor=phase isomerization
\ ¢ of normal butane

1 = reactorsy 2 = coolers for circulating diathermic medium; 3 -
steam preheater; 4 - adsorbers; 5 = condenser; 6 = cocler (with
propane coolant); 7 = collecting tank; 8 - scrubber; 9 - cooler

(with propane as the coolant) 3 10 = column for hydrogen chloride

s e g e i

d.{atiliation; 11 - steam kettle; 12 = pumps; 13 = alkall sette

ling tenk; 14 = mixer; 15 - cooler; 16 - heat exchanger; 17 -

alkali settling tank.

PROCESS OF ISOMERIZATION OF NORMAL PENTANE INTO ISO-
PENTANE

; Isopentane has .a high octane number (90, by the ASTM motor
method) and a relatively low vapor pressure, as a result of which

it may serve as an excellent component of aviation gasoline. .

The crude stock (anhydrous normal pentane, free from olefins,
and with a benzene content of 0.2%,. by volume) is fed by pump 1 into
one of the desicators for déhydration. The desiccators work inter-
mittentlys While one is at work, there is regeneration of the desicant
(activated aluminum oxide) in the second one. Upon emerging from
the desiccator, the normal pentane is preheated in steam prehsater
3, after which it follows into column 4, which is sprayed by the

poisoned catalyst.

In the steam preheater, the pentane is heated to a tempera-

ture, which is by 15°C lower than the temperature required by the

reaction. The further heating is effected through the exothermic

heat of the reaction.
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Ahead of its entry into the mixer-squipped reactor 5, the

§ following is added to the pentane: hydrogen, hydrogen chloride,

; and a catalytioc mixture (aluminum chloride depcsited on granulated
" bauxite, and antimeny trichloride). The pressure in the reactor is
sustained at 6-21 atmospheres, and the temperature - at 90 - 95°C,

Under these conditions, the reaction mass is in a liquid state,

Under normal operating conditions, a small amount of a com-

plex substance, composed of hydrocarbons and aluminum chloride, is

formeds This complex is practically nonsoluble in pentane and is

catalytidally inert.

In order that the poisoned catalyst does not accumulate i

in reactor 5, part of it is continuously drawn: from the reactor
f and directed into column 4, from where it is periodically removed.
v * From the reactor, the mixture of the hydrocarbons, antimony trich-
( loride, aluminum chloride, hydrogen chloride, and hydrogen enters i
column 7 for the separation of the catalyst. All the above .com-

ponents, with the exception of the basic mass of the catalyst, pass

out through the top of column 7, while the separated catalyst is
‘ pumped into reactor 5, and, partially, by a special pump into j
b saturators 6, where it is enriched with fresh aluminum chloride.

1 Following this, it, together with the basic catalyst flow, is led

into reactor 5. ‘ |

‘ The installation is usually equipped with two saturators work-
i ing intermittently. They are primed with fresh aluminum chlorids,
and are simply pieces of apparatus equipped with steam jackets and

functioning at a certain pressure.

The first runnings of colum. 7 are condensated in cooler 9

and collected in tank 10,

DP82-00039R000200160004-9
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Part of the condensate is returnsd to serve as 2 spray for col-
umn 7, while the remaining condensate {s directed to colwm 12 for
the steam=distillation of the hydrogen ohloride. From the collecting
tank 10, th*buie part of the gases follows into traps 14, from where

!
|
|
!

they are returned, with the aid of compressor 15, into reactor S

The part of the gases remaining in collecting tank 10 is passed ]
through absorber 11, which is sprayed by the cold isomerized product

e S

(isopentane), the latter absorbing from the gases the remaining hydro-
gen chloride.

The hydrogen, together with the light gases (methane, propane), ‘
is led out through the top of absorber 11, in order to avoid its ac- k
cululation, which would produce an accelerated pressure through the
system. The hydrogen chloride, together with a small quantity of
hydrocarbons, is drawn out as the first runnings from column 12, and

returned to reactor 5

The residue from column 12, which is the isomerization product
(isopentane) is sent via cooler 9 into alkali settling tank 13, where

it is washed by the alkaline solutlon, following which it is drawn

into a plant storage tank.

Below, the procedure and the indexes of the above-described

process are depicted.

Operating conditions in reactors

Temperature, °C 93

Pressurs, in atmospheres 17.6(1iquid phase)
Volumetric velocity (the volume of liquid-

stock flow per hour over the volume of the

impregnated bauxite) ‘ 1.0
Concentration of the HCL, in % by weight . =
of crude stock 1.0
P ,..m-w

Declassified in Part - Sani
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Same as above, in % moleoular 2.0

Yield of iscpentane, in ¥ 60
Catalyst consumptiont

ALCl3 per 1000 liter of iso = Cg, in kg 1l
or impregnated bauxite per 150 liters of iso-

C5, in kilograms 1

[Diagram, on page L3 of originall

F’J:owsheet for the process of isomerization of pentane into
isopentane

1 - pumps; 2 - desiccators; 3 = steam preheater; 4 - column with
poisoned catalyst; 5 - reactor equipped with mixer; 6 - saturators;
7 - column for the separation of catalyst; 8 - boiling kettles; 9 -
coolers; 10 - collecting tank; 11 - absorber; 12 - column for the
steam-distillation of hydrogen chloride; 13 = alkali settling tank;
14 - gas traps; 15 - hydrogen-chloride compressors 16 - fresh-

catalyst storage tank.

THE PROCESS OF ISOMERIZATION OF NARROW GASOLINE FRACTIONS

For the production of isobutane, with a view of increasing its
sources, the method for the isomerization of normal butane was devised.
In order to obtain the alkylate, the isobutane, resulting from the
above isomerization, is directed to a.lkylatién with the aid of bu~

tenes.

Subsequently, a method was devised for the isomerization of
the narrow gasoline fractions - the mixture of normel pentane with

normal hexane.
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s

H
i

The Lsomerization resulted in a mixture of isopentane and neo- i

|
4
1
i
|
i
%

hexane, the cotane number of whioch was ccnsiderably higher. It is
¥ proper to remember the octane number (without the addition of tetra-

othyl lead) of normal pentane is 62, while it is io for isopentans,

e

the octans number of normal hexans is 26, while it is 54 for neo=

i hexane,

The above imomerized high-octane mixtures were being added

A it

directly to aviation gasolines.

R e o

A In the isomerization of the narrow gasoline fractions, the

catalyst used is aluminum chloride, which is accelerated by anhy-

drous hydrogen chloride.

The narrow gasoline fractions, which are sent to isomerization,
are usually present in straight-distillation gasolines, their boil-

ing points being close to the boiling point of normal hexane.

Methyleyclopentane (octane number 80) and cyclohexane (oc-

tane number 77) are not only excellent components of aviation gaso-

———

line, but may also serve as very effective cracking-process deceler-

ators during the isomerization reactions. However, they must not

f ; be present in quantitities beyond certain limits, since in those

cases they may considerably retard the isomerization of the paraf=-

fin-base hydrocarbons. This must be taken into account in the frac-
tionation of initial stock to be assigned to isomerization,‘ so that
the content of methylcyclopentane and cyclohexane in the above i

stock is kept within the proper range.
A - ISOMERIZATION

The following is indicated in the complex isomerization dia-

gram of the narrow fractions: rectification of the initial stock,y
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1gomerization, the preparation of the catalyst (aluminum chloride sc-
lution), and the rectification of the isomerization products.

The initial stock (gasoline fractions) is fed by pump 1, via
steam preheater 2, into de-butanizer L, from the top of which are
drewn the butane and the lighter hydrocarbons, which are directed,
via water condenser-cocler 5, into collecting tenk 6. From collec-
ting tank 6, part of the product is fed in the form of spray for the
de-butanizer, while the remaining part is pumped into a storage tank

for subsequent utilization.

: The residue from debutanizer L4 (the pentanes and the heavier
4 hydrocarbons) are transferred to de-pentanizer 8. The overhead pro-
duct of the de-pentanizer is pentane, which may be either utilized as

\ automotive fuel, or sent to isomerization.

The residue from de-pentanizer 8 (heptane and the heavier ; ]

components) is utilized as automotive fuel.

The heptane (side) fraction, emerging along line 9 from de-
pentanizer 8, together with the circulating product coming from the {
top of heptane column 32, is drawn into accumulating tank 10. From |
tank 10, the mixture being isomerized is pumped through desiccator
11, where its moisture content is reméved, then through sand filter

~

] 12 for the precipitation of the entrapped particles of calcium chlor=-

ide, and is finally fed to the top of ring-packed absorber 13.

A gas containing very littl%wydrogen chloride enters the bot-
tom of the absorber. This gas, after an alkaline wash for the removal
of ‘its hydrogen chloride content, is led out from the top, and may be

utiliz'éd as fuel, - Absorber 13 operates at a sustained pressure of

2l atmospheres and at a temperature of about 30°C.

- 83 - : ‘ o
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{ The mixture of the pentanes, hexanes, and the hydrogen chlor
,‘ ide from the bottom of the absorber is fed into collecting tank 10,
l] from where it continues, via heat exchanger 14, into steam preheater
v 2, where it is heated up to 120-150°C, and then directed into the
bottom of main reactor 16. Ahead of its entering the above reactor,
for the purpose of retarding the nondesirable secondary reactions of
cracking, which are setting in during the isomerization process, a

5 ‘flow of hydrogen is introduced into the isomerization stock. From
H

? the other end, an aluminum-chloride solution iscontinuously fed in-
;‘
to the reactor by pump 30. The isomerization stock passes through

the layer of the liquid catalyst in the reactor, following which it

4 ‘ is directed into heated settling tank 17, where the entrapped cata-
! lyst is precipitated and discharged into tank 15.

The isomerization products from settling tank 17 are led in-
i } to immersion cooler 18, chilled settling tank 19, and then into the
’ top of column 20 for the steam-distillation o: the hydrogen chloride.
From the chilled settling tank 19, a gas, composed primarily of me= ;

thane, ethane, and some hydrogen chloride is blown off., Column 20

operates at a sustained pressure of 24 atmospheres, and at a tem-

perature. of 54°C on top and 180°C on the bottom.

The residue from column 20, after cooling, passes through
mixer 21, where it is mixed with an alkali, then precipitated in
? )"3 : settling tank 22, follbws into second mixer 21, where it is inter-
’ mixed with water, anci, via water—;settling tank 23, enters de~butan-
i f izer 35. '
|

De-butanizer 35 operates at a sustained pressure of 8 atmos-

phe res and at a temperature of 520C 'at the top and 1300C at the

bottom. : ™

- CIA-RDP82-00039R000200160004-9



Declassified in Part - Sanitized Copy Approved for queasw12/03/21 : CIA-RDP82-00039R000200160004-9

The overhead product of de-butanizer 35 is & mixture of butanes
and the lighter hydrocarbens,

The residue from de-butanizer 35 (pentanes and the heavier hy-
drocarbons) is directed into hexane column 25.

The column operates at a sustained pressurs of 5.3 atmospheres
and at a temperature of 128°C at the bottom and 103°C at the top. The
overhead (end) product of the hexane column, which is composed of

isopentane and nechexane, is led into a plant storage tank,

The residue from column 25 (the hexanes and the heavier hydro-
carbons) is directed to the heptane column 32. The overhead product
of eolumn 32 is returned to same in the form of spray, while the sur-
plus is sent into collecting tank 10, Part of this overhead pro=
duct is led into mixer 29 for the preparation of the aluminum chlore

ide solution (catalyst).

The residue from column 32 is pumped slong line 33 into a

plant storage tank.

The catalyst used in the isomerization of gasoline fractions
is a liquid complex which is formed as a result of the reaction of
aluminum chloride with hydrocarbons. The liquid complex == a solu-
tion of sluminum chloride, has a specific gravity of 1.3-1.k, a
viscosity of:QJ.a -9, _‘9,“, - 2.5. Into the compositicn of this
complex enters 35 percent, by weight, hydrocarbons and 65 percent

aluminum chloride.
The preparation of the solutioﬁ is accomplished as followsa

Granulated aluminum chloride is drawn from bin 27 s Via rotary

proportioning feeder 28, into mixer-bin 29, into which the hexane
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fraotion is also brought in. The circulation of the hydrocarbon and

the aluminum chloride is maintained by a high-capacity (about 100
tons/hour) centrifugal pump. The level of the liquid in the mixer-
bin is kept constant. i

SO S———

Following multiple reciroulation, there is the formation of a
7/ complex compound of aluminum chloride and hydrocarbons. From bin 29,
the catalyst solution is forced by pump 30 into reactor 16.

[Diagram, page 45 of originall

Flowsheet for the process of isomerization of the narrow
gasoline fractions

i A- The complex diagram for the rectification of the }nitial stock, the

isomerization, the preparation of the catalyst, and the rectifica-

tion of the isomerization products.

} ‘ 1 - pumpsy 2 - steam preheater; 3 - steam kettley U - de-butanizer;

5 = water coolers; & - butan-collecting tank; 7 - pentane-collec- ,
’

ting tank; 8 - de-pentanizer; 9 - lead-out line for the side
(hexane) fraction; 10 - vertical collecting tank for the isomeri- i
zation stock; 1l =- calcium-chloride desiccator:: 12 - sand fil- J
ter; 13 - hydrogen-chloride absorber; 1U - heat exchanger; 15 =- 1
poisoned-catalyst tank; 16 « main reactor; 17 = heated settling ‘
v tank; 18 - immersion cooler; 19 - chilled settiing tank; 20 - |
‘ hydrogen-chloride steam-distillation colums: 21 - mixer; 22 = alka-

line settling tank; 23 = wa"oer settling tank; 24 - high-pressure

water vapor discharge; 25 - hexane columny 26 - collecting tank

for isoproducts; 27 - aluminum-chloride bin; 28 = rotary propor-
tioner; 29 - aluminum~chloride mixer-bine; 30 = aluminum-chlore

ide solution pumpy 31 = collecting tank; 32 - heptane column;

33 - pumping-off line for naphthene hydrocarbons; 3L - discharge




i
3
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line for butane and light hydrocarbons to plant storage tank; 35 «
de=butanizer for the isoproduots.

(B) THE OBTAINING OF ANHYDROUS HYDROGEN CHLORIDE

Thers are several methods for the obtaining of anhydrous hydro=
gen chloride.

One of these methods is shown in the diagram.

Sulfuric acid from tank 1 is forced by pump 2 into packed
column 3 for the blow=-off of the free sulfuric anhydride. With the
ald of an inert gas, which is forced through the column into the at-

mosphere carrying with it the sulfuric anhydride.

The sulfuric acid, deprived of its free sulfuric anhydride,
is fed by a pump into a hydrogen-chloride generator, which is made
up of two units: the top - a glass-coated column L with ring pack-
ing, and bottom -- a glass-coated mixer 9. Into this generator (col=-
um U4), the sulfuric acid is fed. Below the inlet for the sulfuric
acid, there is another inlet, into which hydrochloric acid from

tank 10 is pumped.

As a result of the close contact between the sulfuric and the
hydrochloric acids on the ring surfaces and in ﬁixer 9, the dehy-
drated hydrogen chloride is carried upward, enters settling tank 5,
follows from theré into compressor 6, and then into absorbed 13.
From the bottom of the mixer, the sulfuric acid (diluted by the
molsture eliminatéd from thé hydrochloric acid) is led out and for-
ced by pump 8 into capped column 7, through which an inert gas is
blown in order to eliminate the traces of hydrogen chloride. The

sulfuric acid is then pumped out and fed to the plant acid-con=-
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centrating installations.

The approximate operating oonditions of the installation, also
' the yleld and the quality of the nechexane, which is the end-product

when processing the narrow pentane=hexane fraction with circulation,

are given below:

Operating conditionss

Temperature in reactor, in °C 120
Pressure in reactor, in atmosphere é0
\ ¢ Volumetric velocity in reactor, volume of

initial stock over volume of catalyst, per hr 1.4
Height of catalyst layer, in meters 6

Hydrogen consumed, in m3/m3 of initial
stock charged into reactor 32.3

Hydrogen chloride consumed, in % of weight of
initial stock charged into reactor 8
Auminum chloride consumed, in kg/m3 of ini-

tial stock charged into reactor Lk

THE YTELD AND QUALITY OF THE NEOHEXANE

Indexes Products
Initial Circulation Circulation
,\ Stock 1 2:1 |

[1] (2] (3] (L]

‘ Yield, in % by volume: ]
- dry gas ‘ - 3.6 543
8 butanes ‘ _ - 6.3 8.7

neohexane

residue
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(1) {2 (3] (L)
Octane number of product without
the addition of tetrasthyl lead 65 88.0 S1.k4

[Diagram, pags 47 of originall

B - Flowsheet for the process of obtaining anhydrous hydro=
gen chloride
1 - sulfuric acid tank; 2 = pumps; 3 - column for the blow=off of the
free sulfuric anhydride; U - hydrogen-chloride generator (column)j
5 - settling tank; 6 - compressor for dehydrated hydrogen chloride;
7 - column for the elimination of hydrogen-chloride traces; 8 - pump
for the transfer of the low-concentration sulfuric acid; 9 - mixer;

10 = hydrochloric-acid tanke
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THE PURTFICATI(N OF OLEAR PRODUCTS AND GASES

THE REMOVAL OF SULFUR MERCAPTAN FROM GASOLINES

This process requires the use of an alkaline solution contain-
ing certain naphthenic acids, cresol, and a certain variety of resin
acids generated during the coking of coal. The abov'e additives ine
crease the capacity of the alkaline sclution for dissolving the mer-
captens. Such is the combined solution used for the purification

of gasolines, from which the sulfur mercaptan is to be eliminated.

e e e e O g e AT R i

The de-vitalized solution is regenerated and returned into the

system.

The gasoline for purification is forced by pump 1 into wash-

ing column 2 for the preliminary removal of hydrogen sulfide by

the alkeli. The alkeli-processed gasoline is drawn into vertical

g

settling tank 3, on the emergence from which it is joined by the
flow of the solution from collecting tank 1l, Both flows enter

the bottom of the packed extraction column L.

The gasoline for purification is drawn upward to meet the
counterflow of the regenerated reagent solution coming from col=
lecting tank 5. From the top of column 4 they drsw the gasoline
into & gasoline settling tank 6, then into oxidation column 1k, A
into which compressed air is fed for the oxidation of the sulfure ‘
ous compounds, then into filter 15, from where the purified gaso-

line is drawn into a storage tank.

The devitalized solution of the reagent is drawn into settling
tank 7, from where, after paasihg heat exchanger 9, it enters steam-

distillation column 13. The live steam, fed into this column

Declassified in Part - Sanitized Copy Approved for Release 2012/03/21 - CIA-RDP82-00039R
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through line 10, blows off the mercaptans. The solution, which is
now fres from mercaptans, is drawn from column 13, into regenerator
8, from where, after being regenerated, it is fed into collecting

tank 5-
Below are some characteristics of the purification of

straightedistillation and of cracked gasolines.

Purifying Mercaptan 4 of mer- Total Sul=-

solution content captan e- fur content

used,in % 1iminated in %
Gasoline of purified
gasoline
(1] [2] (3l (bl (sl

Straightedistillation gasoline

prior to purification - 04091 - 0.27
Straight-distillation gaso-

1ine after purification 0.7 0.0025 97.2 ' 0.16
Cracked gasoline prior

to purification S - 0,01L2 - 0.03L
Cracked gasoline after

purification 8.0 0,000 925 0,021
[Diagram, on page 49 of original]

Flowsheet for the purification of gasolines from sulfur
mercaptan
1 - pumpsy 2 = washing columh f6r the removal of hydrogen gulfides

3 - vertical settling tanky L « extraction columny5- collecting tank

H
i
{
l
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4

P

for revitalised reagenty 6 - gasoline settling tanky 7 = settling | '
tank for devitalized reagenty 8 = regeneratorj; 9 « heat exchanger; ﬁ
10 = water-vapor intake line; 1l = collecting tank; 12 = water
cocler; 13 - steam=distillation columnj 14 = oxidation ocolumn;

15 - filter; 16 - mixers. .

THE REMOVAL OF MERCAPTANS FROM GASOLINES WITH COPPER
CHLOFIDE

The process is developed in two variants: (1) with the use
of a copper chloride solution and [2] with the use of a solid reagent,

i.e. an absorbent substance impregnated with a copper chloride solu- i
tione

o] : The following reactions take place during the purification of
' gasolinesj the mercaptans in the gasoline, reacting with the cop=-

per chloride, are converted into Bisulfides, as follows:

- 4RSH # b Cu Clp~~> 2RSSR + L Cu CL + LHC

{ (mercaptan) (bisulfide)

The formed copper sesquichloride, air (oxygen)-treated, in

the presence of HCl, is reconverted into copper chloride, as follows:

i L Cu CL + LHCL +0,—> LCu Cl, + 2H0

L%

Summarily, the reaction may be represented as followst

LRSH + 0p 2RSSR + 2Hp0 ‘

By this method of purification, the conversion of the ac~

tive (corroding) sulfurous compound = mercaptan - into a nonactive
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sulfurcus compound-bisulfide, is attained.

To obtain good results, the gascline to be purified must be
subjected to an intimate contact with the copper chloride, while
the formed copper séuquichloride and the hydrogen chloride must be
thoroughly intermixed with the air that is being fed into the reac-
tion.

In this particular method of purification it is important that
the initial gasoline contains neither hydrogen sulfide nor free sul=-

fur,

It must be remembered that the liberated hydrogen chloride in
aqueous Solution is an active corrosion agent. Consequently, the
protection of the apparatus from hydrochloric corrosion is to be

provided for.

Theoretically speaking, no reagents are being consumed. For
the continuity of the process, the only thing required is the air for

the regeneration of the copper chloride.

Practically, the consumption of the reagent is reduced to me-

chanical losses (carry-offs).

In the first-alternate process s the gascline to be purified
is intermixed with the circulating alkali, and fed into settling tank

2., The preliminary alkaline treatment removes the hydrogen sulfide.

The precipltated gasoline is fed to the suction of the next
pump, to which a solution of copper chloride is fed simultaneously
from tank 6.

Following the thorough intermixing of the gasoline and the

Declassified in Part - S¢
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copper ohloride solution, the resulting mixture is drawn into i

|
|
1
I
I
t
|
i

separator L, From here, the gascline is piped to a pump, where, af- |
ter becoming intermixed with the cireulating alkali, it is drawn

into settling tank 2 for the removal of the copper chloride traces,
The purified gasoline is Piped from the top of setiling tank 2 into

/ commercial tanks,

The sclution of copper sesquichloride and hydrogen chloride
precipitated in separator 4 is fed continuously into aerator 5,
Inside the aerator, there is a series of perforated pipes, the air
‘ being fed through the perforations for the purpose of revitalizing

the reagent,

The revitalized reagent (copper chloride) is piped into tank 6,

In the second-alternate process, the alkalized gasoline from

simul taneous feeding of air purified in filter 7,

The gascline-air mixture follows (in a downward direction)

i

i

]

|
settling tank 2 is piped into air mixer 8, into which there is a [

|

i into purification column 95 which is filled with a solid carrier im-
pregnated with copper chlorides The conversion of sulfur mercaptan
into bisulfide and the reactivation of the copper chloride take
place simul taneously in purification column 9,

The purification installations are equipped with automatic

‘ L control and measuring instruments. ‘ Co

Data on the purifieation of etraight-distillation gasoline,
in comparison with the data ocn the purification of the same gasoline
with a doctor solution, and the consumption indexes, are depicted
in the tabulations below. -

anitized Copy Approved for Release 2012/03/21 - CIA-RDP82-00039R0002
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RESULTS OF THE PURIFTCATION OF STRATGHT=-DILSTILLATION
. GASQLINE
‘ Initial Gaeoline Gasoline puri-
! Indexes gasoline purified fied by a doce
by copper tor solution
: chloride
o 21 13 ()
1 Specific gravity 0.7393  0.7393 0.7k01 !
Beginning of distillation, |
B o 36 3 36 |
10% distilled up to ©C 69 66 T ;
i 50% distilled, up to °C 129 127 129 ‘4
90% distilled; up to °C 200 199 200 '
) End of distillation, °C 227 22l 221
: Distillate, in % 97.5 97.3 9741 ,‘
Residue, in % 0.8 1.0 0.9 ' ]
i Losses, in % 1.7 1.7 2.0
: Total sulfur content,in % 0,100 0,101 0,117 ,
‘ : Gum in copper cup,milligrams 1
. per 100 on3 9 48 5044
] " Octane number after the ad-
] dition of 1.5 milliliters
» of tetraethyl lead per kg 59.9 5949 58.2 ‘
§ Consumed per 1 ton of gasolinei
Copper sulfate, in kg 0.00877 "
Sodium chloride, in kg 0.00879
Sodium sulfide solution, in kg 0,00077
Caustic sode for preliminary alkaline wash,in kg  0.03035 -

e A WIS

i £
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(Diagram, page 51 of originall

Flowsheet for the purification of gasolines by the removal

e e g

of mercaptans with copper chloride

1l - pumps; 2 - settling tanks; 3 = flow controlling device; b=
‘ separator; 5 - aerator; 6 - copper-chloride tank; 7 = filter
| 8 = alr mixer; 9 - purification column; 10 = pressure regulator.

THE ELIMINATION OF MERCAPTANS FROM GASOLINES IN THE PRES-
ENCE OF TANNIN .

The process described below permits the complete elimination

of the sulfur mercaptan from the gasoline.

Caustic soda, which i8 a good sbsorbent of hydrogen sulfids,
18 ineffective for the elimination of the mercaptans (particularly |
the heavy ones).' However, the solubility of the mercaptans in the

caustic-soda solution is stepped up when an organic solvent is added

to the latter, which, in turn, increases the degree of recovery of

'; the mercaptans from the gasolines.

One of the organic-solvent additives used in this process is

the potassium salt of isobutyric acid.

The tannin added to the alkeline solution promotes the oxi-

dation of the mercaptans, soluble in the alkali, into bisulfides, which
i g are nonscluble in the alkali, by way of air blewn through the de- . *
vitalized solution. This permits the effective regeneration by way

of oxidation in lieu of using steam for blowing through.

The gasoline to be purified is fed by pump 1 into mixer 2, -
into whioh an alkaline solution is pumped simultaneouely. The mixe
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ture 1s then piped into alkali settling tank 3. Following the pre-
liminary alkelization (the elimination of hydrogen sulfide), the
gasoline flowe downward into alkali separator L equipped with a dis=
tilling head. The alkali and traces of moisture are precipitated in
ssparator 4, the gasoline is piped consecutively through mixer 2
into settling tank 5, in which a three-stage counter flow treat-
ment by alkaline solution with tannin additive is effected.

On the way from the first settling tank to the third, the
gasoline is progressively purified by the elimination of the mer-
captans, while the counter flow alkaline solution with the tannin
additive is being devitalized. From the first settling tank, the

devitalized solution is drawn to be regenerated.

Upon emerging from the third settling tank, the gasoline is
piped into the tannic-solution separator 6, equipped with a dis-
tilling head: The purified gasoline is piped into a plant storage
tank, while the separated tannic solution is returned to the third

stage of the alkaline treatment.

The regeneration of the tannic solution is accomplished as

follows:

The devitalized solution is steam-heated in heat exchanger 1u
up to a temperature of 30-60°C and aliowed to pass through the dis-
tilling }}ead of gasoline separator 13. The separated gasoline joins
the flow of the gasoline to be pu,rified‘ ahead of the third stage,
while the hot alkaline solution is piped into the upper part of re-
generator 12, Into this regenerator is fed a cou.nte:{/ Tlow of air,

under the effect of which the mercaptans are converted into bisule

fides (reaction of o:chption). The bisulfides and the alkaline

Declassified in Part
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solution pass through the distilling head of bisulfide-separator 11,
with the bisulfides drawn out from the top, and the alkaline solu-
tion of tannin drawn out from the side and piped into washing ocol=

T TR TP

wmn 10. The sclution enters column 10 at the top and flows downward,
while & counterflow of ligroin is fed through the column for washing
out the traces of bisulfides. Then, the ligroin, together with the

flow of bisulfides proceeding from separator 11, is drawn out.

The alkeline solution of the tannin is piped into tank 9.
From there the regenerated alkaline solution which was precipitated
; is taken in by a pump and forced through filter 8 and cooler 7. It
| 15 then repiped into the system for the 3-stage treatment of the

gasoline to be purified.

Data on the elimination of mercaptans from gasclines in the

)‘ above described purification process is depicted in the table belowt

i THE ELIMINATION OF MERCAPTANS FROM GASOLINE

Initial gasoline Purified gasoline ;
Content, %, to the Content, ¥, to the
; Mercaptans % by weight total mer- % by total mere ‘:
.: ‘ captan weight captan :
u [1] [2] [3] [4] (5] |
'i b Methylmercaptan 0.0165 25.4 - -
| ; Ethylmercaptan 040147 22.7 0.0001 540
“ ? Polylmercaptan 0.0131 20,1 0.0003  15.0
, ButylLmercaptan 0.0068 0.4 0.0005  25.0
B i Amylmercaptan 0.0050 Te7 0.0007 35.0
L Hexylmercaptan and the
; heavier mercaptans 0.0089 - 13,7 0,000 20,0 T
o Total  0.0650 'yloo.,o 0.,0020 1000

- 96 -
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(Diagram, page 53 of original)

! Flowshest for the purification of gasolines by the eliminae
tion of mercaptans in the presence of tannin

1 = punps; 2 - mixer; 3 = alkali settling tank; U4 = alkali separ-

ator; 5 = tannicesclution settling tank; 6 = tannicesolution separ-

ator; 7 = cooler; 8 = filter; 9 - settling reservoir; 10 = washing

column; 1l = separator; 12 = regenerator; 13 = gasoline separator;

U - heat exchangers

THE ELIMINATION OF MERCAPTANS FROM GASOLINES IN THE FRESe

#

ENCE OF METHYL ALCOHOL

The considerable increase in the solubility of the higher mer-

captans in an alkaline solutinn in the presence of methyl alcohol
dictates the use of this process for the elimination of mercaptans

from gasolines.

The gasoline to be purified is piped into column 1 for the wash-
ing out of its hydrogen sulfide with alkali, and is then drawn into

extraction éolumn 2 for the elimination of ihe mercaptans. For this
purpose, the regenerated alkaline solution is piped by pump 2 from
regenerator 6 into column 2. Inio the middle part of column 2, methyl
alcohol is piped from collecting tank 10.

As a result of the counterflow extraction, the mercaptans are
“x 3 removed from the gasoline by the alcohol=alkaline solution, with
the purified gasoline flowing from the top of extraction column
2 into settling tank 3, and from there pipgd out of the installation.
The devitalized alcohol-alkaline solution is ‘piped from the bottom -

of extraction column 2, via heat exchanger 5, into regenerator 6

for revitalizing.
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Into the bottom part of regenerator 6, open steam, preliminarily
superheated in steam superheater 11, is introduceds As a result of the
interaction between the devitalized solution and the steam, the water
vapors and the mercaptans are drawn from the top of the regenerator

into condenser-cocler 7 and mercaptan separator 8,

From separator 8, the mercaptans are drawn for subsequent util-
ization, while the aqueous alcohol solution is piped by a pump into
alcohol-rectification column 9 for the extraction of the methyl alco-

hol.

Open steam is introduced into the bottom of rectification col-
umn 9. From the top of the column, the methyl-alcohol vapors are
drawn to be condensated in water condenser 7 and follow into col=-
lecting tank 10. From collecting tank 10 part of the regenerated
methyl alcohol is fed in the form of spray to column 9, while the
remaining quantity is again returned into extraction column 2 for the

purification of gasoline.
The water from the bottom of column 9 is drawn into the sewers

Data on the purification of various gasolines, with consumption

indexes, will be found in the Table below:

Declassified in Part
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THE ELIMINATION OF MERCAPTANS FROM GASOLINES

Straight-

x
Migture of cracked and reformed Gasoline from

Cracked Gasolice
distillation gasolines the light crack-
gasoline ing of mazut

Initial
Purified
purified
purified

ified

[1]

—
n
—
—
W
—

[L]

—_
\n
—

6]

o Pur
E purified

~
=

—

-

[10]
Gasoline distillation range, °C 38-205 Sl=115 - 57=-200 - 38-205
Mercaptan content, in Z 0.012

0.7h 0.0095 0.06k 0.0007 0.058

Total sulfur content, in % 0.11  0.0h  0.097 0.28

Octane number of nonethyl gasoline 79 79 68.5 72.5 69.8
Octane mumter of gasoline after the

addition of 1 milliliter of tetra-
ethyl lead per kg

Octane number of gascline after the
addition of 2 milliliters ofketra-

ethyl 1ead‘per kg 76.2
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[Table. continued]

Consumed per 1 ton of gasoline:

High-pressure steam, in tons
Exhaust, steam

Water, in Cubic meters

Electric power, in kilowatt-hours
Fuel, in kilocalories

Caustic soda, in kilograms

Methyl alcohol, in liters
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[Diagram, page 55 of original]

Flowsheet for the process of removing mercaptans from gasclines
1 in the presence of methyl alcohol
1l = Alkaline-washing colum; 2 = extraction colum; 3 = settling

\ ‘ tank; U4 = pumps; S - heat exchanger; & = regenerator; 7 = con- 3

denser-cooler; 8 = mercaptan separator; 9 = aloohol column; 10 =

methyl=aloohol collecting tank; 1l = steam superheater.

THE PROCESSPF CATALYTIC DESULFURTIZATION OF STRATGHT-DIS=

.

‘ ]
TILLATION GASOLINES 1
!

i

Granulated bauxite is used as the catalyst in this process.
The gasoline to be purified is piped by pump 9, via heat exchanger
§ 2, where it is preheated to a temperature of 280-290°C, into tube
x heater 3, From tube heater 3, the gasoline vapors havilng a temper=- ]
; ature of LO0PC are drawn in a downward direction into catalyst cham- 1

,l f bers 1 filled with granulated bauxitee | r

Under normal conditions, the temperature of the gasoline vapors

in passing through the catalyst is reduced by 3 = 5%.

The purified vapors emerge from the catalyst chamber, lose

part of their heat content in heat exchanger 2, and with a temper-

ature of 215-220°C are drawn into rectification colum 13. The bote
tom of the rectification colﬁmn is heated by kettle 11 operating on

hot gas oile

From the top of column 13, the purified gasoline (with a de-

finite ultimate boiling point), which is condensated in heat exchanger

2, 18 cooled in coolers 7 and is drawn into collecting tank 12, From

the bottom of colum 13, via c‘ooler 7y the ligroin fraction is drawn.

_ Sanitized Copy Approved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9
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From collecting tank 12, the purified gasoline is fed by &

piston pump, via heat exchanger 2 and 10, into stabiliser 6, From
the top of the stabilizer, via collecting tank 8, the nonstable over-

head product is piped into a plant storage tank.

Y From the bottom of the stabilizer, the purified and stable

gasoline is drawn.

Under normal operating conditions, one ton of catalyst may

pass, without being regenerated, from 300 to 350 tons of gasoline.

I Common clay-roasting kilns may be used for the regeneration
t of the catalyst.
| !
{ RESULTS OF DESULFURIZATION OF STRATGHT DISTILLATION
GASOLINE
* w Physical and Chemical Properties Sulfur- Gasoline Aviation
‘; containing after desul- gasoline ; ;.
3 gasoline furization fraction after |
i desulfurization ,
‘ [1] 21 (3] ) ‘,
Specific gravity 0,741 047543 047397 !
% Color White White White
‘ { Doctor Test Positive Negative Negative
1 ﬁ Corrosion test : Negative Negative Negative
] 3 Sulfur content, in % 0.27 0.014 0,008
1y i Reid vapor pressure, in mm of
' mercury column k70 362 362
Octane number of nonethylated
gasoline 59.6 60.9 67.1
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(1] (2] (3] (L)
Ootane number, with the addition of

¥
i
£
§
5
¥

1,5 cu om of tetrasthyl lead per

' liter 6941 8147 8743 i
\ Beginning of diestillation, °C 36 k1 Lo ‘
! 10% distilled, up to °C &7 67 69 i
| 50% Distilled, up to OC 115 107 o |
90% distilled, up to ©C 178 173 126 !
End of distillation, ©C 196 198 Ll
Distilled, in % 95,0 97.0 97.0 f
Residue, in % 1.0 1.2 ldl
Losses, in % L0 1.8 149

Flowsheet for the process of catalytic desulfurization of

atfaight-distillation gasoline

1 - catalyst chambers; 2 - heat exchangers; 3 - tube heater; b -
] ‘ » temperature=control devices; 5 - pressure regulator; 6 - stabilizer;
7 = water coolers; 8 - collecting tank; 9 - pumps; 10 - heat ex~
changer operating on hot gas oilj 11 - kéttle operating on hot gas

oil; 12 = collecting tank; 13 - rectification colume

THE PROCESS OF OBTAINING DIESEL FUEL OIL WITH THE USE OF

l » LIQUID SULFUR DIOXIDE ]

Liquid sulfur dioxide, being a solvent, removes from the

Diesel fuel oil the aromatic and nonsaturated hydrocarbons which »

results in a higher cetane number and also removes compounds ‘con-

5  ! taining sulfur, nitrogen, and oxygen.

Tt is necessary that the Diesel fuel oil be completely free of

water, which is accomplished by blowing air through ite




Declassified in Part - Sanitized Copy Approved for Releasggp12/03/21 : CIA-RDP82-00039R000200160004-9

The orude stook is forced by pump 1 through sand filter 2 for
the removal of molsture traces and through vacuum deaerater 3 for
the removal of traces of air. From the bottom of the deasrator, the
erude stock 18 caught by a pump and piped, via vater cooler L, inte
caloium-chloride desiccators 5 for the final removal of moisture.

Upon emerging from seocnd desiccator 5, the orude stock pasaes
through heat exchanger 6, tubular cooler 17, and into the bottom of
purification column 9. The space between the pipes in cooler 17 con-
tains the liquid sulfur dioxide, the cooling of which is due to

evaporation and suction by compressor 1h.

The liquid sulfur dioxide is piped from the collecting tank
of distributor 12 into cooler 17, from where the cold sulfur dioxide
is piped by a pump into the top of purification column 9 equipped with

Raschig-ring packing.

From the top of the purification column 9, the refined pro-
duct is piped into collecting tank 8, from where it is fed, via heat
exchangers 6 and 34, into high-pressure evaporator 18 for the regener-

ation of the sulfur dioxide.

From the bottom of purification column 9, the flow of the ex-
tract follows into collecting tank 10, from where it is piped by a
pump, via heat exchangers 6, 21, 32 and preheater 31, into high-

pressure evaporator 2Z.

It should be noted that in the production of 50-cetane Diesel
fuel oil, the extract solution contains 84%, by weight, of sulfur di-

oxide, while the refined-production solution contains only 15 percent.

The vapors of the separated sulfur dioxide follow from the

e
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top of evaporater 18 into water gondensers 11, The residue from
evaporator 18 is drawn into low=pressure evaporator 19, From the
top of this evaporator, the sulfur=dioxide vapors enter the intake

of compresser li, are compressed, and are drawn into condensers ll.

The rosidue from evaporator 19 is drawn into vacuum ovapora-
. tor 20, The vapors from this evaporator are sucked in by vacuum

pump 13 and fed to the intake of compressor 1k, The refined pro=

duct (the Diesel fuel 0il) is pumped from the bottom of vacuum eva=

porator 20

The sulfur dioxide vapors are drawn from the top of the high=
pressure extract evaporator 22, via heat exchanger 30, into a high-

| pressure collecting and distributing tank 29,

The residue from evaporator 22 is drawn into a medium-pres-

; i sure evaporator 23, from the top of which the sulfur dioxide vapors )

‘ : {

f ' i are drawn partially into condensers 11, and partially into desic- f
|
i

! cator 26,

i The residue from evaporator 23 is drawn into a low=-pressure

4 evaporator 24, operating at a pressure of only 2 atmospheres.

From the top of evaporator 2L, the sulfur dioxide vapors

enter into the intake of compressor 14, while the residue is drawn

o v TR T

into a vacuum evaporator 25.

From the top of the vacuum evaporator 25, the sulfur dioxide
vapors, are drawn out by vacuum pump 13, From the bottom of the |

vacuum evaporator, the residue (extract) is pumped into a plant

storage tanke

The sulfur dioxide vapors are drawn from evaporator 23 into

R i
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desiccator 26, which is operating at a pressure of 6.4 atmospheres,

From the top of desicoator 26, the sulfur dioxide vapors are
drawn into condensers 11, while water is oontinuously piped out from
the bottom.

OPERATING PROCEDURE OF THE INSTALLATION:

Ratio of §0p to the product, in % 135

Temperatures, in OCt

In purification column (=6)
In the crude-stock cooler (body) (=3)
In the lowstemperature cooler .(body) (=13)
In the main SOg collecting tank 33
In the highepressure SOy collecting tank 69

In the extract evaporators:

Tn kettle of high-pressure evaporator 118
In kettle of low=pressure evaporator 138
In kettle of vacuum evaporator 151

In the refined-product evaporatorss

In kettle of high=pressure evaporator 118
In kettle of lowspressure evaporator 138
In kettle of vacuum evaporator 19
Pressuret

In crude-stock cooler, in atmospheres (absolute) Lot
In low=temperature cooler, in atmospheres (absolute ) 0.9

In top of extraction, column, in atmospheres (absolute) L.kt
In high-pressure extract evaporator, in atm (excess) - Lok
Tn feed-line to high-pressure condensers, in atm (excess) =5.6

In vacuum evaporator, in mm of mercury column (absolute) 60

- 108 -

g 1y -
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YIILDS AND CHARAOTERISTICS OF ORUDE 8TOCK, AND PRODUCTS
IN THE REFINING OF DIESEL FUEL OIL

Indexes Orude Extract Refined
8took Product

(1 (2] (3] (L)

Yield, volumetric % - 25,0 75.0

Cetane number 4o - 50

Flash point, °C 82 82 82

-

Viscosity, _93 P 1.12 1.12 1.12

Solidification point, ©C -3b - 26

Sulfur content, % 0.3b 1425 0,02

Aromatic and nonsaturated hydrocar-

bons, % 2L 78 3
Specific gravity 0.8612 0.9297 0.8338
Begiining of distillation, oc 199 202 201
10% distilled, up to °C 230 229 230
50% distilled, up to °C 25l 255 256
904 distilled, up to °C 297 296 297
Bnd of distillation, °C 32h 331 323

(Diagram, page 59 of originall

Flowsheet for the procesa‘of obtaining Deisel fuel oil
with the use of sulfur dioxide ‘
1 - pumps; 2 - send filter; 3 - deaerator; U - water cooler;
g . desiccatorsy 6 - heab exchangers; 17 = separator; 8 - refined-

product collector; 9 - purification column; 10 = extract-collecting

tank; 11 == water condensers for sulfur dioxide; 12- collecting

Declassified in Part - Sanitized C(‘JF;yA prove& for Release 2012/03
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and distributing tank for sulfur dioxide; 13 = vacuum pumpy 1k -

compressor; 15 = low=temperature cooler working at atmospheric pres-
sure; 16 - piston pump; 17 = low=temperature cooler working at a
pressure of 1.4 atmospheresj 18 = high-pressure refined=product eva-
\ i porater; 19 = low=pressure evaporator; 20 = vacuum evaporater)

21 - steam-distillation heat exchanger; 22 = high~pressure extract

} evaporator; 23 - medium-pressure extract evaporator; 2L - low-

| pressure evaporator; 25 - vacuum evaporator; 26 = deeiccator; 27 -
; steam kettles; 28 - preheater; 29 - high-pressure collector-distri-
butor for sulfur dioxide; 30 - steam distillation heat exchanger;

33 - water cooler; 3l - heat exchanger for refined product; 35 -

cooler.

PURIFICATION OF GASES BY THE REMOVAL OF HYDROGEN SUL~-

FIDE WITH AMINOSOLUTIONS

The process is used for the precipitation of hydrogen sulfide
and carbon dioxide from gases and liquid products by washing with
aminosolutions (organic alkali), whiﬁh carry off the acid gases.

i The absorbed acid gases are precipitated from the solution by healthy,

and the revitalized aminosolution is returned into the cycle. The

revitalizing of the solution occurs due to the fact that the amino-
salts of milk acids are readily decomposed under the effect of ac-

celerated temperatures, and the amines may be separated from the

acld gases absorbed at lower temperatures.

The process is used for the:

(1) Purification of natural gas,

(2) Purification of gases in Petroleum Refining,

A (3) Purification of liquid hydrocarbons,

RPPO—
ARy
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,_ (4) Purification of hydrogen,

;, (5) Purification of carbon dioxids,

; (6) Precipitation of carbon dioxide,
(7) Precipitation of hydrogen sulfide,

The gas to be purified enters collecting tank 1, and then ab=-
gorber 3. The absorber is sprayed with a revitalized aminosolution,

with the amines absorbing the hydrogen sulfide from the gas,

The purified gas is drawn from the top of the absorbeer into
collector 2, from where it is drawn for utilization. The devitalized
! aminosolution from the bottom of absorber 3 is directed, via heat ex-

changer 6, into the top of desorber 8. Heat is imparted to the solu- '

tion with the aid of steam kettle 9

As a result of this heat treatment, the revitalized alkaline

aminosolution follows from the bottom of the desorber, via heat ex-

1 } | changer 6, to the intake of pump. 5., This pump feeds the solution in=-

to absorber 3 for the absorption of the hydrogen sulfide.

Indexes for the purification of various gases with amino-

solutions are depicted in the Table below:

INDEXES FOR THE PURIFICATION OF GASES BY THE REMOVAL OF

HYDROGEN SULFIDE

Indexes Tnstallation Installation Natural Purification

;% LR ‘ ‘ flue gases flue gases, gas and dehydra= ]
: with high con~ with low tion of na= J?
a8 ﬁ; tent of hy= content of hy- tural gas

drogen sul- drogen sulfide
fide with close to
dew point tem= "‘ N

erature

(1] (el 3] (ul (5}

- ill -
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(1] (2
Amount of gas purified, in
thousands of m3/24 houwrs 130
Temperature of gas, °C 32
Pressure in absorber, atmos-
pheres 7
HzS content (including mer-
captans of initial gas,
grams/ 100 m 5,010
HoS content (including mers=
captans) in the purified gas,
in grams/100cm3 183
HoS content in the purified gas,
in grams/100 cm3 25
Amount of solution fed, in liters/
min 28
Amines in solution,® by weight 9.5
HgS content in revitalized
solution in mg/liter 599
HpS content in saturated solu~-

tion, in mg/liter 15,578

_ Steam consumed for revital-

izing solution, kg/hour 1,310
Steam consﬁmed, kg/kg of HpS

removed L8
Steaﬁ pressure inkettle, in

in atmospheres 0.5

Pressure in regenerator, in

atmospheres 0.1l

Declassified in Part - Sanitized Copy Approved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9

(3]

150
68

20

690

2l

81
13.5)

27U
10,032
278
6.6
0.7

0.l

(4

a7
23

28

3713

85

5.6(2) 11,1(2)

582

8,423

0.5

0.07

(s

e85
16

28

300

D S S,

51 <

137
1k,509 ;
360
9.2
2.6

0.07
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(1] (2] Gl (4] (sl

Temperature of solution en=

tering sbsorber, °C k) 60 U 26
Temperature of sclution leave

ing absorber, 32 65 28 15
Temperature of solution enw=

tering regensrator, ©C 9l 97 8o 90
Temperature of solution leave

ing regenerator, oC 106 111 102 129
Amine replenishment, kg/2L h£2)3.2 6.9 - 0.5
Lowering of dew point, ©C - - - 19

(1) Diethanoclamine .
(2) Monoethanolamine

(3) Total loss, including evaporation, chemical » and mechanical losses.
(Diagram, page 61 of originall

Flowsheet for the removael of hydrogen sulfide from gases
with aminosolution
l- gas-collecting tank; 2 = collecting tank for purified gas; 3 =
absorber; U - water cooler; 5 - pump; 6 - heat exchanger; 7 =

gas separator; 8 - desorber; 9 - steam kettle.

THE PROCESS OF PHENCLATE PURIFICATION OF GAS

This process is used for the removal of hydrogen sulfide from
hydrocarbon gases. The gas purification i?usually effected in dise

tilling-head columns.

The process is continuous, with simul taneous regeneration
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of the devitalised solution and precipitation of hydrogen sulfide
for subsequent utilisation.

The process is based on the fact that hydrogen sulfide re-
acts readily with caustic soda at normal temperature, while the

resulting compounds do not disintegrate at accelerated temperatures.

To attain the regeneration of the devitalized solution, it
is necessary to add to the latter an acid component. The acidity
of this additive at normal temperature is to be lower than the
acidity of the hydrogen sulfide, yet, when heated, it is to in-
crease at the same rate as the acidity of the hydrogen sulfide.
Phenol is the substance that specifically fulfilles thess require~-
ments. Hence, when adding phenol into a caustic~soda solution, re-
sulting in the formation of sodium phenolate, the hydrogen sulfide

displaces the phenol at normal temperature.

By bringing the devitalized solution to the point of boiling,
the phenol acquires & higher acidity and displaces the hydrogen
sulfice in the form of gas). The reaction is practically fully re-

versible.

CgHgONg + HpS ‘ Ng HS + CgHgOH
At low temperatures, the reaction proceeds from left to right,
while at high temperatures (as prevéil during the Bolution—reg;n—

eration qycle)-- from right to left.

The diagrammatic description of the two-stage gas-purifica-

tion process follows.

The gas to be purified enters the bottom of first absorber
11 and passes through the entire height of first absorber 1l and
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‘

second absorber 12, The purified gas ia drawn from the top of the

second absorber,

The partly regenerated solution is piped from the bottom
of first desorber 5, and, upon passing througﬁ heat exchanger 10,
enters the intake of a pump, which forces the scmewhat cooled sclue
tion, through water cooler 9, into the top of the first (lower)

absorber 11,

Simultanecuely, the fully regenerated solution from the bote
tom of second desorber 6 enters under pressure into cooler 9, and
then into the intake of a pump, which drives it into the top part

of second absorber 12,

The devitalized phenolate solution under the absorber pressure
(the pressure maintained in the absorber is generally higher than that
in the desorber) enters heat exchanger 10, and, then, separator 8.
Upon emerging from separator, the flow of the solution is split up
and sent to regeneration into the top of second desorber 6 and in-

to the top of first desorber 5.

The temperature in the top of the first desorber is regu~
lated with the aid of a spray proceeding from water-cooled dephleg-
mator U. Also, from this dephlegmator, the concentrated hydrogen~

sulfide fumes are led out for subsequent utilization.
Kettle 3 serves for the boiling"of the solution,

The approximate material balance of the process and its °

consumption indexes are depicted below:

Crude gas from cracking to purification.____5> 100.0%
Obtaineds

B T PR 1
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e,

Purified gas 95408
] Hydrogen sulfide Le08
Losses 1.0%

Consumad per ton of purified gast
\ NaOH, in idlograms 0.16

e g

Fhenol, in kilograms 0.3
"‘ Steam, in klograms 203
Water, in m3 5

(Diagram, page 63 of originall

Flowsheet for the process of phenolate purification
of gas
i 1- Phenolate-solution tank: 2 = pump; 3 - kettle; L = dephlege

mator; 5 - first desorber; 6 - second desorber; 7 - connector;

8 - separator; 9 = coolers; 10 - heat exchanger; 1l « first abe

;
i

1 i

n 1 sorber; 12 - second absorber,
]

d in Part - Sanitized Copy Approved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9
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THE PRODUCTION OF OILS

THE PROCESS OF DE~ASPHALTING OIL WITH PROPANE

When oil is dissolved in liquid prepane, there ocours the co=
\ agulation of the asphalts and the tars, as a result of which it be=
: ocomes possible to eliminate these from the solution.

An essential condition for the process is the quantity of the

solvent and the proper temperature of the mixture.

The addition of a small amount of propane to tar oil results

only in the reduction of the viscosity of the latter without a pere
: ceptible precipitation of the asphalts.

| When increasing the amount of propane added, upon attaining a

definite (critical) volume (in relation to the oil), the oil will split
into two phases: a heavy high-viscosity asphalt phase and a fluid

’ ’ propane phase. The asphalt, from which the propane was removed, has

a low melting point, due to the presence of oil in it. The oil separ-
ated from the propane sclution will contain a certain amount of tar

substances.

When adding a considerable amount of propane, an asphalt of

high viscosity and of a high melting point can be obtained simule

taneously, the oil thus obtained will contain a very small amount of

asphaltic and tarry substances.

On arriving at a certain ratio between the volumes of the

propene and the oil, a maximum propane effect sets in, and any sub-
sequent addition of propane to the oil will practically have no ef-

fect upon the tar content of the latter.

The temperature cyéle affects perceptibly the amount and the

;
ized
CIA-RDP82-00039R000200160004-9
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A

E TR

nature of the asphaltic and tarry substances precipitated. Within

Sp——

the limits of «4@ to +20°C, propane will dissolve paraffins and

oeresing to a rather small degres only. At temperatures of LOm
. 6090, asphaltic substances are very diffioultly soluble in propans, K
; while at the same time oil and paraffine are readily scluble in it. :
In the interval 40~100°C, the solubility of oil in propane diminishes
i gradually with the increase in temperature, with the high=molsoulaxr
] hydrocarbons the first to be precipitated from the solution. Thus,

by selecting the necessary cenditions (temperature, pressure, con-

centration), account also being taken of the various degrees of solu-

bility in propane of the oil fraction to be extracted, the latter

may be divided into two or several parts. 3

i The crude stock is piped by pump 1 into extraction column
L, the upper part of which contains a steam preheater 5. Simultan=-
eously, propane is fed into the middle and bottom parts of this col-

; } um. Following the counterflow extraction, the solution of the

0il in the propane is drawn off from the top of the column and fed, ]

via two vertical steam preheaters 6, into evaporator 8. In order

to maintain the required temperature in the evaporator, there is a )

B steam preheater at the bottom.

b C From the top of evaporator 8, the steam-distilled propane en=-
ters condenser-cooler 2, then propane collecting tank 17, from
where the propane is returned, with the aid of a centrifugal pump,

into extraction colum k.

The residue (asphalt~-tar-propane mixture) is piped from the

iR _ bottom of the extraction column into tube heater 10, and then into

evaporator 12 for the steam-distillation of propane. The residue

i R
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(extract), freed from the basic mass of propane, is forced by 8
piaton pump from the botton of steam-distillation column 13, vis
{mmersion cooler 18, into & plant storage tanke

The dewasphalted oil with some small content of prepane is fed,
via preheater 3, into steanwdistillation cclumn 9. The propane
vapors and the water vapors enter mixing condenser 14, into which
water is fed through line 15. The liberated propane is drawn into
wnte'r separator 16, and then into the intake of propane compressor
19, the compressed propane following into cooler 2. The residue
from column 9 (de-asphalted 0il) is forced by & pump, via tubular

cooler 2, into a plant storage tank.

Exanples of deasphalting oil concentrates of typical petro=
leum varieties are depicted in the Table below: [See table on fol-

lowing pagel

The process of deasphalting with propane is also used when pre
paring weighted crude stock for the catalytic cracking by way of de=

asphalting straight-distillation mexuts [petroleum residues].

As an example, the date on the deasphalting of two varie=-

ties of mazuts is depicted below:

Characteristic of crude stock

Specific gravity : 0.9415 0.9516
Viscosity, .0 -

Y9 3100 : 5
Coke, as per konrdsen, in % . 5.92 7.20
Content of salts, mg/liter ‘ 302 622
Freezing point, % C ‘ 32

Operational Cyclet
Propane~crude stock ratio ‘ L33 5.2

b
art - S
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Crude Stock and Product

[1]

Pennsylvania oil concentrate:
Crude
deasphalted

Oklahoma heavy cil concentrate:

Crude

deasphalted

Emben 0il concentrate:
Crude

deasphalted

Baku IT oil

Crude
deasphalted
Baku II oil concentrate:

Crude
deasphalted

e AR T WA TS,

DEASPHALTING OIL CONCENTRATES OF TYPICAL PETROLEUM VARIETIES

Concentrate
Yield Specific
in % gravity

(2] (3] [k]

5.h1
3.59

32.5
L.95

6.1
L84

[+}
2 100

Bitumen
Melting
point,°C

[7]

Coke Specific Pene- Ductility
in % gravity

[51 (6]

trating

81 9]

10.3 -

1.26 1.054

3.8 -

1.5 1.0

20.0 -

1.75 1.04

11.5 =
1.0 1.05
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Pressure, in atmospheres 36,9 35.5
Temperature, °C 63 65

Yield of Producta:

Deasphalted gas oil, % by volume 92,k 69,74
Petroleum asphalt, % by volume 7456 30.26

Characteristic of products:

i e TR T PTERE

| Gas oil:

% Specific gravity 0,9279  0.9260 :
% Viscosity, “’9 100 3 -
] Flash point, °C 196 107 f
z Coke, as per konradsen, % 2,87 1,98

; Content of salts, mg/liter ‘ o 6 é

| Freezing point, °C : - L3

Petroleun asphalts ; ]

Specific gravity 10442 -

[Diagram, page 65 of originall

: Flowsheet for the process of deasphalting oils with propane

1 - pumps; 2 - water cooler; 3 = steam preheaters; L4 = extraction
4 : o columnj 5 ~ steam preheater; 6 - vertical steam preheaters; 7 «

' . water vapor feed linej 8 - evaporator for propa.he-oil mixture; 9 =
steam-distillation column for deasphalted oil; 10 = tube heater;

11 = fuel feed line; 12 = evaporator for asphalt-propane mixture;

13 = distillation column for the separation of propane from asphalts

1l - mixing condenser; 15 - water feed line; 16 - water separator;
ly = propane - collecting tankj 18 - immersion cocler; 19 = probane

COmMpressors

i Sl

e < ) )
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THE PROCESS OF SELECTIVE REFINING OF OILS WITH THE AID OF
VAFOR SOLVENTS

In this process, not cne solvent, but two nonmixing solvents
are used: (a) propane and (6) a mixture of 3050 percent phenol with

70=-50 percent cresol.

The crude stock (oil concentrate is forced by a pump from re-
servoir 35 into mixer 24, into which simultaneously enters a refin-
ing solution from settling tank 22 and an extract solution from sete

tling tank 26,

Upon emerging from mixer 24, the mixture is guided into cooler
23, and then into settling tank 25.

The crude stock is subject to counterflow extraction, consecu=

tively in extractors - settling tanks 25, 26, 27, 28 and 29.

While the crude stock enters, via mixer 24, the settling tank
25, propane is fed from tank 33 into first settling tank 21, and a
mixture of phenol and cresol is fed into the seventh settling tank
29 from tank 30. The upper layer forming in the settling tanks,
under the pressure developed by the pump and the injection effect
of the mixers, moves in the direction from settling tank 21 toward
settling tank 29, while, at the same time, the bottom layer, being
forced by pumps from one settling tank to the other, moves in the
opposite direction.

From the last settling tank 29,' the solution to be refined
emerges, as the upper layer, and follows into propane=-refining
column 8. From the first settling tank 21 » the extract solution emer-

ges, as the bottom layer, and follows, via heat exchangers 9, into

- 121 =-
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propane-extraction column 15,

From the top of column 8, the propane vapors are led out,
while from the bottom of same (the steam=distillation section) ocl-
umn == the mixture of the raffinate with phencl, cresol, and & negli-
gible quantity of the nonsteam distilled propane is led oute

The temperature in the bottom of the oolumﬁ, which is required
for the maximum degree of steam-distilling the propane, is maintained
‘oy the flow of the hot residue from column 8 that oirculates through
a section of tube heater 7. The residue from column 8 is passed,
via a reduction fitting, into the concentration part of column 6,
operating at a pressure of 1.5-1.8 atmospheres (absolute)s From
the top of this column, the phenol and cresol vapors are led into

dehydration column 13.

The residue from the bottom of column 6 is forced by a cen-
trifugal pump through a section of tube furnace 7, and partially fed
to steam-distillation column 5 for the final steam~-distillation of the
phenol and cresol, and partly into the middle section of colum 6.

The phenol and cresol vapors from column 5 are drawn into the bottom
section of column 6. The residue the raffinate is foreed by pis=-
ton pump 4 from column 5, via steam generator 3 and immersion cooler

2, into tank 1.

'I"he extract solution from settling tank 21 passes through
two heat exchangers 9 and enters into propane~extraction column 15,
which oberates at a pressure of 15-18 atmospheres (absolute). The
propane vapors are drawn from the top of the column, and together
with the propane from column 8 are led into cooler 3L, and from

there into propane tank 33.

- 122 -
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The residue from column 15, via a reduction fitting, is drawn
into column 17 for the distillation of the phenol and the cresol.
The operating pressure in cclumn 16 is maintained at 1.5-1.8 atmos-
pheres (absolute).

The vapors of phenol, oresol, and water are drawn from the

top of oclumn 17 into heat exchanger 9, and then, upon merging with
,} the vapors of phenol, cresocl,md water from column 6, are drawn into
! dehydration column 13. From the top of this colum emerges the

i
v azeotropic mixture of the vapors of phenol, cresol and water.
¢
}

f In the vertical water condenser 12, the vapors of the azeo-
tropic mixture are condensated and enter separator 11, The vapors
of the separated propane are drawn through the top of the separator

into trap 31, from where they follow into the intake of compressor

32, which compresses same to 20 atmospheres. The compressed pro-

pane, via water cooler 3L, is drawn into tank 33,

“ ' i The solution of water in the phenol and cresol is drewn from
L separator 11 as a spray for column 13, The bottom layer from separ-
ator 10 is forced by a pump into the propane line and, together with

; the propane, enters cooler 34, and then tank 33,

The residue (extract) from column 17 is pumped through fure

nace 16, and from there partly to steam-distillation column 18 3

i and partly to column 17.

From the final blowoff of the phenol and cresol from the

extract, free superheated steam is introduced into the bottom of col~

umn 18 from steam-generator 3. The vapors of phenol, cresol and water

are drawn from the top of column 18 into column 17,

i The extract from the bottom of column 18 is pumped through

steam generator 3, thencooled in an immersion cooler, after which

-123 -
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1t enters the tank for the extract. i
The quality =C the orude stock, the yield and the quality of

. the raffinate, after deparaffinisation and purification with clay ,

of the various crude-stook residues, are depioted in the Table below @ 1

Vo

f QUALITY OF THE CRUDE STOCK, YIELD AND QUALITY OF PRODUCT
4
Indexes Petroleum residues
: (1) 2l (31 [ (51 (6]

Crude stock:

Specific gravity 0,904  0.920 0.935 0,945 0.950
: Viscosity,9100 2‘95 3-0)4 lO.LLO 6.19 12,0
Viscosity-weight constent 0.827  0.847 0.849 0.864  0.865 ;
Raffinate: ;
Yidld, in % 83 T5.5  67.6 58.8  L40.0 :
§ i

’ Specific gravity 0.8789 0.8789 0.8855 0.880 0.900 | ]

i : |
°, 2.2 1. . 2. .0
: Viscosity, 9100 1 95  3.64 7 3

Viscosity-weight constant 0.800  0.804 0.800 0.797 0,810
Extract,specific gravity 1.032 1,047 1,039 1,031 -

; [Diagram, page 67 of originall

Flowsheet for the process of selective purification of oils
P with vapor solvents
] g 1- Tank for the refining product of purified oil; 2 = immersion

cooler; 3 - steam generator; U4 - pump; 5 - steam distillation col~-

R umnj 6 - column for the separation -of phenol and cresol from the raf-

finaté; T - two-section tube heater; 8 - propane-refining column;

9 = heat exchanger; 10 - separator for the solution of water, phenol,

AR S OSARMRIAD 41
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and orosel; 11 = saparator for the two layers: phenol and orescl;
in the water, and water in the phenol and oresolj 12« water conden=
ser; 1)e dehydration column j 1k = phenol and oresol ccoler) 15 =
propane extraction columnj 16 = tubs heater; 17 = cclumn for the

separation of phencl and cresol from extract; 18 - steamedistile

lation columy 19 = immersion cooler; 20 = water eoolu;; 21,22«
extractors-settling tanksy 23 - mixture cooler; 2i = mixer;

% 25 = 29 = extractors-settling tanks; 30 = phenol and cresol tank;
. 31 - trap; 32 = propane compressor; 33 = liquid-propane tank;

34 - propane condenser=-cooler; 35 = crude-stock tank 36 - tank for ! ‘

the nonrefinable products; 37 - tank for the extract.

THE PROCESS OF REFINING OILS WITH FURFUROLE

4 Furfurole as a selsctive solvent is used for the refining of

; the distillate and residual oils, which were preliminarily deas-

‘ phalted with propanes Due to its high specific gravity (L.16), fur-

furole is easily separated from the oil being refined, while its re~

latively low boiling point (about 160°C) permits its regeneration from

the raffinate and from the extract by distillation.

The crude stock, at a temperature of L0-100°C, is forced by

pump 1, via heat exchanger 2 and preheater k4, into Raselig-ring

sl i

packed counterflow-extraction column Se Furfurole, heated to 90-120°C
38 fed into the top of this column by a pump from collecting tank 12.
A temperature differential of 15-50°C is maintained between the top
and the bottom of the column. Due to the difference in the specific
weights, the distillate rises to the top of the column, while the

furfurole descends to the bottom.

The extract solution, containing a considerable quantity of
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furfurole, is continuously drawn frem the bottem of the column into
olleoting tank 7, while the sclution to be refined, containing &

small amount of furfurols, is drawn out through the top of extrac- ;
L tion column 5 into ocollecting tank 6, From collecting tank 6, the i
% refining solution is forced by a piston pump through heating section g
20, and, with a temporature of about 200°C, it enters vaouum refining

column 154

The top section of column 15 is sprayed with furfurcle (part

of the flow) from collecting tank 12, The furfurole and water vapors

T

are condensated and cooled in cooler 3, and follow into vacuum re=
ceiver 8, From this receiver, the water with the furfurole is fed
to the top of column 13, from where the water vapors with the neg-
ligible amount of furfurcle are drawn into cooler 3, condensated and
? directed into receiver 9, Part of the condensate is returned to

% - column 13, while the remaining part is drawn into column 10 for de=-
t watering. Into the same column, along line 1ll, is introduced water
' vapor for the steam-distillation of the furfurole traces. From the
bottom of column 10, water is continuously discharged into sewer.

{ The dewatered furfurole, is drawn from column 13, through a side b
v flow, into collecting tank 12, from where it is driven by a centri-

fugal pump, via heat exchangers 2 and cooler 3, into the top of ex-

[,
! . traction column 5.
i

From the bottom of refining column 16, via heat exchanger
2 and cooler 3, the refined oil is continuously driven off by a

piston pump.

The extract solujbion is driven from collecting tank 7, via
several heat excha.ngefs 2 and vertical heat exchanger 1li, by a cen-

trifugal pump into column 13 for the distillation of the furfurole.

i
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In vertiecal heat exchanger 1k, there oucurs the utilisation
of the latent heat forming in the condenaation of vapors, coming
from the top of column 17, which is sprayed with furfurole from cole
leoting tank 12

From the bottom of column 13, via heating section 21, the ex~
19 tract solution is forced by a centrifugal pump into high=preesure

extraction colum 1T7e

From the bottom of column 17, the extract, a oconsiderable ]
part of which is drawn into vacuum column 18, is drawn into the in-

take of a piston pump, which feeds it, via a centrifugal pump, into

the bottom of extraction column S. The vapors from vacuum column

18, together with the vapors from vacuum column 15, enter vacuum g
receiver 8. From the bottom of steam-distillation column 19, via ‘

heat exchanger 2, the extract is continuously pumped oute

The basic furfurole mass is distilled from the extract in

column 17, from which, in the form of vapors, it enters vertical
heat exchanger 1he In the heat exchanger, the vapors are conden- b |

sated and, in the form of dewatered furfurole, enter collecting

7
i
jt
i

| tank 12.

; Below~ there is data relating to the approximate tempera=
ture cycle of an oil-refining installation, and the results of

o refining a number of oils.

Temperature cyclet

; Temperature in top of extraction Column, ¢ 100

Temperature in bottom of extraction column, °C 75 ‘
Temperature in extract layer after cooling, 9C Lo
Temperature in top of refining column, °C 98
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Temperature in bottom of refining column, % 165
Temperature in top of extraction column, °C 162

Temperature in lower part of teop of extraction

column, °C 187

‘ ; Tenperature in top of steam=distillation column, |
! og 98
Temperature of flowing off extract, °c 135

Temperature of heating refining solutions in fure
nace, °C 200

! Temperature of heat extract solution in furnace,°c 230

Temperature of heating crude distillate, °C 8o
i Temperature of heating furfurole entering extrac=

i tion.column, °C ' 100

Temperature of regenerated furfurole, oc 155 - 160

RESULTS OF THE REFINING OF OILS

Indexes Crude Raffin- Crude Raffin- Crude Raffin-Crude Raffin- "
stock ate stock ate stock ate stock ate
(1] (2] (3] L] [s] 61 71 (8l (9]

Specific gravity at 15°C 0.541 0.910 0.925 0.893 0.934 0.915 0.912 0.870
Viscosity index -3.5 52 30 63 25 50 77 108

Petroleum coke as per

“ kondradsen 0.1l 0.04  0.20 0.02 0,75 0.28 0.94 0.12
Solidification point °C =20  -17 12 =6 11 -l +35  #45
Vo Raffinate yield, % - 61,5 - 69 - 7 - 67.5 ‘
b Furfurole,% by volume - 206 - 200 - 150 - 230 ;
1
- 128~
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(Diagram, page 69 of original]

le pumpsj 2 = heat exchangers; 3 = coolers, L = preheater)y
5 = counterflow extraction columnj 6 - refining-solution collecting
tank; 7 = extract-solution ccllecting tank; 8 « vacuum receiver;
9 = receiver; 10 - dewatering column; 11 = water vapor feed line;
/ 12 = furfurole collecting tank; 13 = furfurcle column; 4 = vertis
cal heat exchanger; 15 = vacuum refining column ; 16 = steamedis=
tillation column for raffinate; 17 - highepressure extract col~
i umng 18 - vacuum extract columnj 19 - steam-distillation col=-
umn for extract; 20 - heating section for refining solution; 21 =
heating section for extract solution; 22 - furfurole feedline from

tank; 23 = vacuum pumpe.

THE PROCESS OF REFINING OILS WITH PHENOL

3 The use of phenol as a selective solvent in the refining of

; oil is widespread.

The phenol is used for the purification of the distillates and

The crude stock is forced by pump 1, via heat exchanger 2 and
steam preheater 3, into absorber b, into which also enters a mix=

ture of water vapors and phenol vapors.

In absorber 4, the crude stock absorbs the phenol and, to-~

gether with it, is fed into extraction column ‘5, From tank 18,

via steam preheater 3, the dewatered phenol is-drawn into the top

of column 5.

Into the bottom of this column, from tank 6, enters the phenol

Declassified in Part - Sanitized Copy Approved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9

residual oils following their preliminary deasphalting with propane.’
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e

e

water (up to 10 percent phenol)s The refining solution is collected

into tank 17, from whioh, via heat exchanger 2 and tube heater 16
i at & temperature of 20090, it is fed into the top of refining col-

umn 8,

Here, most of the phencl is distilled and then drawn, via
Vi heat exchanger 2 and cooler 1k, into tank 18 for the dewatered
phenol.

The raffinate containing some phenol is drawn from the top

into the bottom of column 8, operating under a vacuums

Open steam is introduced into the bottom of the column.

The phenol and water vapors are drawn from the upper part of

i the bottom of the column.

The residus from column 8 (the refined product) is forced

I3 i
“ i out by a pump and is fed, via heat exchanger 2 and cooler lh, into !
! {

i

a storage tank. ;

The extract solution from the bottom of column 5, at a temper-
ature of 60-80°C is fed, via Heat exchanger 2, into the bottom of

phenol column 10. In this section of the column, in the form of an

A —

azeotropic mixture with phenol, all the water is distilled,

et

From the bottom of column 10, the mixture of the dewatered phenol

and the extract is pumped into the upper section of the same column

‘ l for the distillation of +the basid mass of the dewatered phenol, the
| vapors of which enter kettle 9, are condensated, pass through heat
exchanger 2, are cooled in cooler 14, and enter tank 18. The ex~

tract ablution circulates through furnace 15 » where it is heated to

a temperature of 260-270°C. This temperature permits the distilla=

adl ; x ik
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tion of a considerable part of the phenol in the top section.

The extract, containing most of the phenol, is drawn from the
lower part of the top section of column 10 inte steam-distillation
column 13, operating under a vacuum, where the phenol is distilled by

free steam,

The extract is forced by a piston pump, via cooler 1L, into &
tank, The vapors from the bottom section of refining coluwsn 8 and
from column 13, which contain some phenol, are condensated in water
condenser 7, and, in the form of phenol water, flow down into tank
11, from where the damp phenol is pumped into the bottom section of
phenol column 10. The phenol containing vapors from the bottom
section of phenol colum 10 are fi.rawn into cooler-condenser 7, are
condensated, and, in the form of phenol water, pumped into the
bottom of extraction column 5. The remaining part of the nontrapped
phenol and water is drawn into absorber U, which is sprayed by the

crude stock.

The approximate operational cycle of an installation and the

result of refining various oils is given below.

Operational cycle of basic apparata:

Temperature ‘of raw stock when entering extraction column, °C 4O
Temperature of phenol when entering extraction column, °C 80
Temperature of Refiniﬁg solution when emerging from furnace

e 2o
Temperature of extract solution when entering the top sec~

tion of phenol column, °C ’ 195
Temperature of extract solution when emerging from furnace °C 270

Temperature in top of absorber, °C 115
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RESULTS OF REFINING VARIOUS OILS

ate in the obtaining of
distillate sutomobile

lubricating oils

obtaining of distillate
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automobile lubricating
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Specific gravity
Flash point as per Brenken,

in ¢ 288

Viscosity, :9 100 Le10

Viscosity index 9642
Viscosity-weight constant =
Coke,as per Konradsen,% 1.52
Solidification point,in &g - )
Refining procedure:
Ratio of phenol tc crude
stock (by weight)
Temperature, in®g

Raffinate yield, in %
by weight
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(Diagram, page 71 of originall

Flowsheet for the process of oil refining with the use of
phenol

.

1 = pumps; 2 = heat exchangery 3 = steam preheater; U = absorber;
5 = extraction colum; 6 « phenol-water tank; 7 = condenser=cooler;,
8 = refining column; 9 = kettle; 10 phencl columnj; 11 = tank for
damp phenolj; 12 = vacuum ejector; 13 = steamedistillation column

for extract; 14 = cooler; 15 = extract-heating furnace; 16 =

raffinate-heating furnace; 17 - raffinate tank; 18 = tank for

dewatered phenol.

H
!
%
i
4
|
!
]
£

A

THE PROCESS OF OIL DEPARAFFINIZATION WITH THE USE OF SOLVENTS
(BENZOL AND KETONE)

One of the widespread processes for the deparaffinization of
oils is deparaffinization with the use of a mixture of benzol » me~

thylethyl-ketone, and toluene as a solvent.

The mixture most frequently used by the oil refineries con-
sist of 25-50 percent dimethyketone or methyl-ethyl-ketone (MEK),

12-25 percent toluene, and 40=60 percent benzol.

The crude stock (oil to be deparaffinized) is fed from tank

1 by pump 2, together with a joined flow of solvent, into steam

preheater h s where it is heated to 60-70 °C s end is theﬁ drawn into
water cooler 5 to be cooled déwn to 30-409C. Following this, the
solution oi“oil and solvent passes consecutively a "pipe=-within-pipe"
heat exchanger 6, an ammonia crystallizer 7 s and follows into feeder

k. 5 tank 9. Cooled to the required (minus) temperature, the solution

' from tank 9 flows by gravity into continuously operating vacﬁum filter 3k,
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The petrolatum cake soraped off the filter is directed into a
sorew conveying device JJ, then into tank 32, {rem whers, via heat
exchanger 20 and steam preheater L, it is pumped into water separs
ator 26, Into the same water separator, in the form of a condensate,
enter the distilled vapors of the solvent and water from column 17,

19 and 23,

In order to extract the oil from the petrolatum cake, the latter
is washed on the filter drum by the solvent, which has been cooled in
ammonia cooler 31, The deparaffinized and filtered oil solution and
the washing solution, being discharged from filter 3k , enter vacuum
collecting tank 30, from where they are fed, via heat exchanger 6,
into buffer tank 10 for deparaffinized oil with solvent.

From the buffer tank, the solution is fed continuously, via
steam-distillation heat exchanger 11, to the low-pressure section
of evaporation column 13 for the regeneration of the solvente In

this section, 50 percent of the solvent is dissolved,

The residue from evapo‘rating column 13 is taken in by a pump
and forced, via furnace 16, into the high-pressure section of evae
porator column 12, From the top of column 12, the solvent vapors
pass through vertical steamedistillation heat exchanger 11 and,
in the form of a condensate, flow down into collecting tank 1h for
the dewatered solvent, into which tank is simultaneously fed the

. regenerated solvent from column 18, From collecting tank 1k,
the solvent is again partly taken by the pump, for mixing with
fresh crude stock, into tank 35, and partly fed by pump, via cooler
31, to filter 3k for washing and extracting the oil from the filter
cake. The deparaffinated oil » containing some solvent residue,
follows from the high-pressure section of column 12 into steam-dise
tillation column 17.

-/34_
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e AR
A-RDP82-00039R000200160004-9

‘Declassified in Part -



Declassified in Part - Sanitized C]opy Approved for Release 2012/03/21 : CIA-RDP82-00039R000200160004-9

The solvent vapors are led off from the top of this column
== they condensate in water condenser 15 and enter water separator

26, The residue (deparaffinised oil) from column 17 is pumped,

via cooler 5, into finish-oil tank 25,

' The petrolatum solution, settled out from the water in

’ water separator 26, is fed, via heat exchanger 20 and tube heater

21, into evaporation section 18 for the petrolatume From the top

of this section are led off the solvent vapors, which are cocnden- !

¥ sated in water condenser 15, the condensate entering collecting tank
[ s, The residue from section 18 is drawn into bottom section 19
[ \ : for the final steam-distillation of the petrolatum from the solvente ‘
From the top section 19, the distilled solvent is directed into
¢ water condenser 15, and then into water separator 26, The residue
' (petrolatum) from the bottom of column 19 is pumped, via heat ex-

changer 20, into tank 2. The water solution (the sludge) is pumped

ot
o~

into colum 23, from the top of which is distilled the azeotropic
2 | ' mixture of the solvent and water vapors, which become condensated ’5 :

’ : in water condenser 22 and enter water separator 26.

From the bottom of column 23, water is continuously dis-

‘ o _ charged into the sewer system.
DEPARAFFINIZATION OF OIL WITH BENZOL AND KETONE

Indexes Raffinate from = Raffinate from Raffinate from cone

L Bake to petro- Baku II petro- centrate of paraf=

_ : leum distillate leum concentrates fin base Baku

‘ v petroleum
(1] (2] (3] (4]
? Composition of solvent,in pegcent:
Methyl-ethyl-ketone L5 us ko

i
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(1] (2 (3] (b

Bensol + tolusne 55 55 60

Ratio of solvent to orudey
‘ Infiltration 2.5 b n
in washing 1 1 1 '
" Temperature of depar= | ]
affinization,®C -18 -18 -2k ‘-
Yield of deparaffined oil, ]
’ in % 78 80 78

Crude Deparaf- Crude Deparaf- Crude Deparafe

; fined fined fined
¢ (1] (2] (3] (4] (5] (6l (7
Specific gravity 0,886 0.900  0.905 0.91L 0.808  0.503
/ Viscosity,o_aloo 1,60 1.73 L1t LBl 2,25  3.10 ;
;1-, Viscosity index 10 82 100 81 110 92 :
‘ Coke, as per konradsen, in
- % 010 015 135 1.6 05 . 0.6 ]
Solidification point °C +38 =16 +45 -15 +48 -21 i P

[Diagram, page 71 of originall

Flowsheet for the deparaffinization of oils with the use of sol-

vents (benzol and ketone)

1 - crude-stock tank (crude to be deparaffined); 2 - pump; 3 = water=

vapof feed line; Ul = steam preheater; 5 = water coclers; 5 - "pipe-
within pipe" heat exchangerj 7 = ammonia crystallizer; 8 = ammonia
feed line; 9 = feeder tank; 10 - tank for deparaffined oil with sole

vent; 11 - steam-distillation heat exchangers; 12 ~ high-pressure

section of evaporation columny 13 - low-pressure section of evaporation
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column; llh= colleoting tank for dewatered solvent; 15 = water
condenser for solventy 16 = tube heator for deparaffined oil with
solvent; 17 = deparaffined oil distillation column; 18 = evapor

ation seotion for petrolatum, 19 = steam-distillation section for \

!: petrolatumj; 20 = paraffin heat exchangers; 21 = tube heater for
': the pre heating of paraffin and solvent mixture; 22 - water con-
denser for ketone; 23 - solvent-distillation columny 24 = petro=
latum tank; 25 - deparaffined oil tank; 26 « water separator for

petrolatum solution; 27 - ammonia cooler; 28 = cooler for emoke

‘ gases; 29 - vacuum pump; 30 - vacuum collecting tank; 31 « am-
monia cooler; 32 = petrolatum tank; 33 - screw~conveying device
for petrolatum; 34 - continuous vacuum filter; 35 = tank for sol-

vente
THE PROCESS OF SECONDARY VACUUM DISTILLATION OF OLLS

i The essence of the process consists in the distillation of i

’ | lubricating oils under a vacuum, in the presence of bleaching clay.

The products of such a process are two-three types of distillate ‘

oils and residual oil.

The process is used in the refining of crude distillate or

residual stock of wide fractional compositione

The crude stock (oil) is forded by pump 1 through heat ex=
changer 3, where it is heated to 90 - 100°C. Part (10 percent) of
the total flow of the crude stock is continuously fed through mixer

7 for the intermixing of the oil and the clay.

& The clay is fed from bin U by a belt conveyor to an elevator,

which takes the clay into feeder bin 5, from where after passing

automatic scale 6 it enters mixer 7. In the mixer, the oil-clay
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mixture is prepared. The mixture with a temperature of 80-50°C

is taken in by pump and fed into the basic flow of the preheated

orude atockemerging from heat exchanger 3. The common flow then passes
through heat exchanger 21, vertical tube heater 8, and, with a teme

perature of 360-370°C, enters vacuum column 10,

Frém the top of vacuum column 10, the solar fraction is taken
into condenser 11, from where, upon condensating, it is pumped into
a tanke Part of the solar condensate is returned to the column in

the form of a spray.

The water vapor and the gases, obtained in the disintegra=-

tion, enter barometric condenser 12, from where the noncondensated

gases are discharged with the aid of steam ejectors 13.

The following are taken as side distillates: a light oil
fraction, which is pumped, via heat exchanger 3, immersion cooler 2,
. into a tank, and the heavy oil fraction, which is pumped, via heat

exchanger 3, immersion cooler 2, into a tank.

The 1iquid part of the crude stock, which entered column 10,
passes through the plates located in its lower part, which serves as
a contact chamber. Here, the residue is steam-distilled and stirred

up by the superheated water vapor.

The contacting is controlled by an automatic oil-level regu-
lator, with the mixture to be kept in the bottom of the column for

about 20 minutes.

From the bottom of the columm, the residue with a tempera~-
ture of 330-340°C is taken in by pump, forced through heat exchanger i

21, and, now with a temperature of 140-1509C, drawn into isolated : g
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mixer 14, The presence of a mechanical mixer permits the continuous
intermixing of the residue with the olay and prevents the settling
out of the latter.

From mixer 14, the residus is fed into vacuum drum filter 15,
The filter drum is covered with a monelmetsl fabric, upon which is
spread a layer of diatomaceous earth 75 millimeters thick. This layer
of diatomaceous earth is the filtering medium retaining the clay on

ite surface.

The filter drum is immersed half way into the mixture to be
filtered, With the rotation of the filter drum, its clean filtering
surface is alternately immersed into the mixture and coming out of
the mixture. Under the effect of the vacuum, the liquid mixture, pas-
sing through the filtering layer, will deposit the clay on the drum
surface. With each rotation of the drum, a moving knife slives off,
together with a very thin layer of diatomaceous earth, a layer of
bleaching earth formed during the filtration of the oil. Since this
will gradually result in that the entire filtering~-medium laysr will

come off the drum, it becomes necessary to periodically renew the '
layer of diatomaceous earth upon the filter drum. In order to loosen
the filtering layer, air or smoke gases are blown into the respective

sections of the filter.

The filtration cycle is equal to 7 days. The filtering-layer

covering operation takes 3 hours. Diatomaceous earth is mixed with

gas oil and fed into the drum housing, from where, under the effect
of the vacuum, it spreads around the drum surface forming the filter-

ing-medium layer. The devitalized clay is thrown into bin 16.

From filter 15, the oil (the filtrate) is drawn into tank 17,

from where it is pumped, via cocler 2, into a plant storage tank.

- 139 =
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layer, part of the filtrate is fed into mixer 19, where the mixture
\ of the filtrate with diatomaceous earth is prepared.
A Below, there is data on the operational oycle of the instale

i Operational cycles

Temperature in oil-and-clay mixer, %
Temperature of mixture as it emerges from furnace, °C

Temperature in the bottom of rectification column

APPROXIMATE MATERIAL BALANCE AND QUALITY OF PRODUCTS

Solar Light Medium

Indexes Initial automo-automo-
i bile lu~ bile
bricant lubri=

cant
| (1] , (2] (31 [4] (5]
. Specific gravity 0.882 0.655 0.869  0.870
L Vixeosity,%4 100 1.80 18 140 1.81
Coke,by Konradson,in % 0.1 - - 0.05
| Acid number,in mg KOH
xﬁ“'“ - ~ per 1 gram 0.1 0,03 0.03  0.03
' Yield, in % 100.0 5.0 25 L3

pi - 140 -
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The vapors from tank 1* are drawn through ccoler 2 and trap 18,
from where they are returned to filter 15 by vacuum pump 20,

During the covering of the filter drum with & fresh filtering

lation and indexes of the yield and quality of the products obtained.

Distillateoils Residual i

i

P "
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80-50 -
360~370
330-340

oil

(6l
0,851
L.52

0.03
25
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(Diagram, page 73 of original

Flowsheet for the process of secondary vaouum distillation
of oils

1 - pumps; 2 - immersion ccolers; 3 = heat exchangers; U = bleaching=-
clay binj 5 = feeder bin; 6 = automatic scales; 7 = oil mixer; 8 -
vertioal oylindrical tube heater; 9 - free steam feedline; 10 - vacuum
columny 1l = surface condenser; 12 = barometric condensor; 13 =
steam ejectors; 1l - mixer for residue; 15 = vacuum drum filter;

16 - bin for devitalized clay; 17 - filtered cil bin; 18 « trap;

19 = mixer for the preparation of mixture with filtering agent;

vacuum pumpy 21 ~ "pipe within pipe" heat exchanger.
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